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ABSTRACT 
This thesis investigates OSB's structural properties and 
bending behaviour in joisted decking under concentrated load and 
unifies the results into a simple design calculation method. A 
review of literature revealed that small-scale test methods for 
determination of the structural properties have been recently 
developed to a satisfactory level but complementary numerical and 
experimental validation studies of full-size decking behaviour 
and simplified design calculation method are so far inadequate. 
The small-scale short-term bending, planar and panel shear 
moduli and strengths, Poisson Is ratio and punching shear capacity 
of a typical OSB have been determined. 
The f inite element method has enabled a parametric study of 
the bending response of joisted OSB decking under concentrated 
load. The effects of boundary conditions, decking geometry, 
loaded area, Poisson Is ratio and orthotropy in moduli of decking 
on the critical moments, deflection, reactive forces and 
effective width have been obtained. 
Confirmatory evidence of the validity of the analytical 
model and effective width have been obtained from large-scale 
tests of simple, fixed and screwed deckings, although for the 
fixed deckings the experimental stiffnesses were conservative. 
The response of the screwed deckings was well modelled by the 
assumption of simple supports. The relationship between load 
capacity and span for full-scale deckings was found to be linear. 
Characteristic and tentative design values for the test 
board have been determined. Based on the analytical and test 
results, a simple design method has been developed for joisted 
OSB deckings subjected to concentrated load. The accuracy of the 
method has been shown to be sufficient for design purposes. An 
assessment of the TRADA method for isotropic deckings, design 
examples and guidelines complement the proposed method. 
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NOTATIONS 
a Side length of square loaded area 
bi Equivalent beam width for property i 
d Diameter of circular loaded area 
E Bending modulus of elasticity 
Ex 1 EY Bending moduli of elasticity 
in the x- and y-axes 
respectively 
G Shear modulus of elasticity 
Gxy Panel shear modulus of elasticity 
Gxz Gyz Planar or transverse shear moduli of elasticity in 
the x- and y-axes respectively 
1, L Span of plate or decking 
M Bending moment per unit length of section of a plate 
MX I MY Bending moments per unit length of sections of a 
plate perpendicular to the x- and y-axes 
respectively 
MXY Twisting moment per unit length of section of a 
plate perpendicular to the x-axis 
P Applied concentrated or point load 
Q Transverse shear force per unit length of section of 
a plate 
QX QY Transverse shear forces per unit length of sections 
of a plate perpendicular to the x- and y-axes 
respectively 
t, T Thickness of plate, panel or decking 
w Deflection 
Wf Flexural deflection 
w Shear deflection s 
x-a xis The direction in the plane of the panel in which 
the bending strength and modulus of elasticity are 
greatest 
X'Y'z Rectangular cartesian and material property axes 
y-a xis The direction in the plane of the panel at right. 
angles to the x-axis 
V Poisson's ratio 
VX Major Poisson's ratio-- strain in the y-axis per 
unit strain in the x-axis when the applied axial 
force is in the x-axis 
UX UY Bending stresses in the x- and y-axes respectively 
TxY Panel shear stress in the x-axis 
Txz Tyz Planar or transverse shear stresses in the x- and 
y-axes respectively 
CHAPTER 1 
INTRODUCTION 
1.1 BACKGROUND TO THE INVESTIGATION 
The critical consideration in the design of joisted 
wood-based panel deckings is often the resistance to 
concentrated load. However, until as recently as the late 
1980's, designs have been almost exclusively based on 
large-scale tests or manufacturers design values. Over the 
last two decades the multiplicity of wood-based panel type, 
grade and construction and their widespread structural use 
have led to an overwhelming demand for their engineering 
properties and design methods based on calculations. 
one of the new wood-based panel products is Oriented 
Strand Board, commonly referred to as OSB for short. 
Extensive manufacture of this board commenced in the early 
1980's, mainly in the USA, where it is referred to as 
Oriented Structural Board. The production of OSB in the 
United Kingdom started in 1985. 
OSB is widely used as a replacement for plywood and 
wood chipboard in Europe and North America. It's main 
structural uses are for interior wall panelling, temporary 
shuttering and floor and roof decking. 
In Britain, considerable reliance for OSB selection 
and application has been put on technical specifications 
from OSB manufacturers and related documents prepared by 
British Standards Institution (BSI) , Building Research 
Establishment (BRE) and Timber Research and Development 
Association (TRADA). 
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There are no specific regulations that excludes the 
use of OS3 in full structural work in Britain. However, in 
the absence of design values in Standards and Codes, 
difficulties could arise at the design approval stage. 
Therefore, like other board materials, national and/or 
industry-wide standard design values for OSB are 
required. 
It was partly in response to this need that a 
programme for experimental research on OSB was initiated by 
the European Committee for Standardization (CEN) in the 
late 1980's. The Building Research Establishment, Garston, 
UK; Department of Civil Engineering, University of Surrey, 
UK; and Centre Technique du Bois et de l'Ameublement 
(CTBA) Paris, France were jointly mandated in 1990 to carry 
out the programme of tests. The main objective of the 
investigation was to determine the mechanical properties 
for structural purposes, specifically, the short-term 
tension, compression, bending, planar shear and panel shear 
properties and modification factors for load duration and 
service environment. 
As the resistance of j oisted wood-based floor deckings 
to concentrated load is often critical in design, it was 
deemed fit that a parallel study of the bending behaviour 
of OSB under this load type be undertaken. This is the 
broad area of investigation in this thesis. 
1.2 BEHAVIOUR OF JOISTED FLOOR DECKING 
1.2.1 Joisted floor decking 
The focus of the study is on joisted OSB floor decks. 
The joisted floor system is the most common in timber 
flooring. It consists of one-way spanning, closely spaced 
joists (spanning between masonry walls or framed wall 
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panels or girders), to which board decking, in this case 
wood-based sheet material, is fastened securely by either 
nails, screws and/or adhesives. A typical joisted floor is 
illustrated in Fig 1.1. Secondary floor elements include 
trimming, bridging and underlayment. Only the timber 
joists and the structural sheet material decking are 
designed in practice. The economic range of span of solid 
timber joists is from 2.0 m to 4.8 m. 
The standard surface dimensions of OSB panels are 2400 
mm x 1200 mm and 1200 mm x 600 mm. The longer edges are 
generally parallel to the face grain direction (direction 
of maximum bending strength) Common thicknesses range 
from 6 mm to 25 mm., and both sanded and unsanded surface 
finishes are available. other dimensions can be 
manufactured to special order. 
In general, the span of joisted floor deckings is 
between 300 and 600 mm (UKIPA, 1991). To obviate cutting 
to waste, the regular spans are 300,400 and 600 mm 
measured centre-to-centre of joists. Boards, typically not 
less than two joist spacings in length are laid with the 
face grain direction at right angles to the supporting 
joists. Board joints along the shorter edges are 
staggered, so some single spans panels may occur, often in 
the perimeter edges of floors (Fig 1.1). 
All boards at the perimeter edges of floors are 
required to be supported on either joists or noggings. It 
is considered good practice for all edges of square-edged 
boards to be continuously supported on joists or noggings. 
Tongued-and-grooved boards other than those at the 
perimeter edges are often supported on Joists only, 
noggings being optional. Gluing of all tongued- and- grooved 
joints is often recommended in order to prevent squeaking 
and enhance structural performance. 
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600 or 1200 mm wide OSB panels Perimeter edge supported 
laid with staggered joints on noggings 
/ 
LLLLL 
I 
Details of jypical dec 
Panel thickness (T) ------------ 15 - 25 mm 
joists centres W --------------- 300 - 600 mm 
Length of nails or screws ---- 2.5 times the thickness of panel 
Centres of nails or screws --- 300 mm around edges of panels and 
400 mm at intermediate joists 
Fig I-I Joisted OSB floor deck 
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001, 
38 to 75 mm wide 
timber joists 
Fasteners for OSB decking are normally nails and 
screws, spaced at centres of 300 mm along the edges of the 
panels and 400 mm at intermediate joists. They are usually 
required to be at least 9 mm from the edges of the 
panels (UKIPA, 1991). 
1.2.2 Behaviour under concentrated loading 
Baird and Ozelton (1987) noted that there are two 
important considerations in the design of joisted floors. 
First, the design of the decking with the concentrated load 
in the portion of the decking between the joists. Second, 
the design of the joists with the concentrated load on the 
part of the decking above the joist. Invariably, the board 
decking rather than the joists is critical in terms of 
resistance to concentrated load (TRADA, 1992). 
When the sheet material decking of a joisted floor is 
uniformly loaded throughout its behaviour is analogous to 
a beam. In those cases where it is subjected to a 
concentrated load between the joists, the decking behaves 
like a plate. The plate bending behaviour, typified by the 
response of a simply supported rectangular wood-based strip 
(Fig 1.2) is now considered. A gradually increasing 
concentrated load is assumed to be applied at the centre of 
the strip. 
At low load levels -not more than 40 percent of the 
maximum load capacity -the behaviour is in general linear 
elastic. The decking distributes the applied load in all 
directions in the decking plane. A continuous reactive 
force whose intensity varies as a bell-shaped curve is 
induced at the supports (Fig 1.2). The length of decking 
perpendicular to the span which can for practical purposes 
be regarded as being structurally involved in resisting the 
load, is referred to as the "effective width". 
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Wood-based boards are visco-elastic. The stiffness 
and strength are time-dependent. If the low load level is 
kept constant, the decking creeps with time. The long-term 
(ten years or more) deflection can be several times the 
short-term (five minute) deflection. On the other hand, 
the long-term strength can depreciate to less than half of 
the short-term strength. 
As the load is further increased, cracks gradually 
form in the vicinity of the load and/or near the joist 
supports (Fig 1.3). The growth and merging of cracks 
eventually lead to localized rupture and/or overall 
collapse. The behaviour of the decking at this stage 
cannot be predicted by linear elastic plate theory. The 
mode of failure depends mainly on the size and shape of the 
loaded area, joist spacing and the decking's properties and 
fixing to the supports. Rupture can be due to excessive 
transverse shear, punching shear, moments, or combinations 
thereof (Fig 1.3). 
1.2.3 Parameters influencing behaviour 
There are two broad responses of a decking under a 
concentrated load. The first is an ordinary plate bending 
response which comprises moments and transverse shears. 
This is the sole response away from the load. The second 
response is a local response, in the vicinity of the 
concentrated load, associated with the high normal stress 
on the small loaded area. It is defined by a complex 3- 
dimensional bending-shear-compression stress field. These 
two broad responses are recognised throughout this report. 
They are examined in detail in the Literature Survey in 
Chapter 2. 
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(a) (b) 
I& Concentrated load 
Fig 1.2 Typical distributions of (a) moments and (b) reactive forces 
under a concentrated load 
0 
S 
(a) 
Fig 1.3 Typical failure modes under a concentrated load: (a) bending and 
transverse shear and (b) punching shear 
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The main parameters that influence the plate bending 
response are 
(a) the mechanical properties of the board decking and 
joist, 
(b) the spacing of the joists and 
(c) the degree of fixity at the board-to-board and 
board-to-joist connections. 
The local 3-dimensional shear- compression stress field 
(the familiar punching shear response) in the vicinity of 
the load is mainly dependent on 
(a) the mechanical properties of the decking, mainly, 
compression and tension perpendicular to the plane 
of the board and transverse shear, 
(b) the thickness of the decking, and 
(C) the size and shape of the loaded area. 
The loaded area is usually square or circular. It is 
noted that the punching shear stress field is the 
difference between the actual stresses and the plate 
flexural stresses in the vicinity of the load. 
In practice, other factors also influence these 
responses in varying degrees, for example, the surface 
stiffness and edge finish of the load applicator, type of 
floor finishes and/or underlayment. These are generally 
difficult to quantify and/or rely on over the lifetime of 
floors. 
As in the case of other materials, the interaction 
between the local shear-compression stresses characterized 
by "punching shear" and the plate flexural stresses is 
generally nonconservative i. e. the presence of moments 
lowers the punching shear capacity, and vice versa. 
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1.3 THE RESEARCH PROGRAMME 
Status of decking design 
British loading and structural timber design standards 
require that wood-based floor decking design shall be 
checked for adequacy to sustain prescribed minimum imposed 
uniformly distributed and concentrated loadings. 
The difficulty involved in trying to quantify the 
3-dimensional stress state under a concentrated load is one 
of the main reasons for the general adoption over the years 
of full-scale tests for assessment of concentrated load 
resistance rather than by systematic analysis and design 
calculation as for the case of uniformly distributed 
loading. The separate consideration of bending and local 
effects seems a reasonable approach to the characterisation 
of the complete behaviour. 
Design for local strength is experimentally based. 
However, small-scale punching shear and bearing strength 
tests do not characterise the effects of interaction 
between bending and punching shear on strength. Full-scale 
test should provide complementary data for characterization 
of the punching shear-moment capacity or interaction. 
The procedures for determining the decking bending 
stress and deflection under a concentrated load are 
theoretically based. A simplified beam design calculation 
method for joisted isotropic deckings subjected to 
concentrated loading, by TRADA (TRADA, 1992), the first to 
date, is based on the assumption that the equivalent beam 
width is equal to the span of the decking. However, the 
theoretical and experimental evidence on which to assess 
this assumption are limited. Furthermore, there is no 
basis for the extension of the proposed method tc 
orthotropic boards. 
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An alternative approach is to use classical plate 
theory and/or numerical methods to determine the precise 
bending response. The latter response can be used to 
assess or develop simplified design calculation methods. 
The TRADA design calculation method is part of the 
trend towards the use of the small-scale strength and 
stiffness properties of boards to develop a design 
calculation method which will replace full-scale testing. 
The plate bending and shear properties can be determined 
from standard small-scale test methods. However, there is 
a general lack of data on Poisson's ratio for the efficient 
use of rigorous analytical methods. It is against this 
background that this research work on OSB was undertaken. 
1.3.2 Objectives and scope 
The aims of the investigation on OSB are as follows 
(a) to obtain by laboratory testing the small-scale 
short-term bending and shear properties, including 
punching shear and Poisson's ratio, 
(b) to determine by a parametric study based on finite 
element analysis technique, the static small- 
deflection bending response and effective width of 
joisted OSB floor deckings, 
(c) to conduct full-scale concentrated-load bending 
tests to verify the analytical model and effective 
width and determine the punching shear-moment 
capacity and 
(d) to unify the analytical and experimental data from 
(a), (b) and (c) into a consistent design method 
for concentrated loading and make recommendations 
for future research. 
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1.3.3 Layout of thesis 
This thesis consists of seven chapters. The 
background to the research, a general introduction to OSB' 
a qualitative description of the point-load bending 
behaviour of joisted floor decking and an outline of the 
research programme were the subject of this chapter. 
Chapter 2 reviews the literature on the solution of 
point-load bending problems by classical plate bending 
theory, modern numerical methods and approximate methods. 
The traditional full-scale tests for structural performance 
under concentrated load and the small-scale structural 
property characterization test methods are also reviewed. 
Finally, the design considerations for joisted floor 
decking are examined. 
Small-scale experimental characterisation of the 
short-term structural properties necessary for decking 
analysis and design is the subject of Chapter 3. Bending, 
planar and panel shear strengths and moduli, punching shear 
capacity and Poisson's ratio are determined for a typical 
OSB. 
A parametric study of the effects of Poisson's ratio 
and orthotropy in stiffness of the decking material, loaded 
area and boundary conditions on the critical moments, 
deflection, reactive force and effective width of joisted 
OSB decking is carried out in Chapter 4. These are 
beneficial for the development of simple design calculation 
methods and prediction of full-size decking response. 
Chapter 5 reports the procedure, apparatus and results 
of full-scale concentrated-load bending test of simply 
supported, screwed, and fixed single-span OSB deckings. 
The results of these tests are used to verify the 
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analytical model and effective width and characterize the 
punching shear-moment capacity. 
The design significance of the analytical and test 
results is considered in Chapter 6. The characteristic and 
design values for the test board are assessed. The 
development of a simplified design calculation method for 
joisted OSB decking based on the analytical and test 
results is presented. The levels of accuracy of the 
proposed simplified method and the TRADA design method are 
assessed and example solutions and design calculation 
guidelines are provided. 
The conclusions and recommendations for future 
research are presented in Chapter 7. 
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CHAPTER 2 
LITERATURE SURVEY 
2.1 INTRODUCTION 
The design of joisted decking under concentrated load 
has been almost exclusively based on full-size testing. 
Recent trends are towards the determination of the relevant 
decking material properties and their use in the 
development of design calculation methods which should 
replace full-size testing. 
This chapter examines the literature on the rigorous 
and simplified analyses of joisted decking under 
concentrated load together with test methods for the 
determination of the structural properties of wood-based 
sheet materials decking. 
As the ultimate aim is to unify the analytical and 
experimental results into a consistent simplified design 
calculation method for joisted OSB (orthotropic) decking, 
the study was approached from a design viewpoint. 
The study starts with a review of the magnitude and 
contact area of a concentrated load. Classical, numerical 
and simplified plate analyses methods, full-scale 
performance testing and contemporary small-scale 
characterisation test methods are covered in the review. 
The general decking behaviour and relevant properties data 
are used to specify the design considerations in full 
structural design calculation methods for joisted deckings. 
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2.2 CONCENTRATED LOAD ON FLOOR DECKS 
2.2.1 Magnitude 
The 1952 edition of BS CP3: Chapter V: Part 1 
specified the imposed floor loads as uniformly distributed 
over the surface area of a floor decking partly because of 
the lateral distribution of concentrated loads in the plane 
of the decking. The 1967 edition of this Code, introduced 
for the first time, concentrated loading, in the 
specification of the imposed load for structural components 
such as floor deckings. The concentrated load was deemed 
to act over a 300 mm square area of floor. 
The subsequent replacement Code, BS 6399: "Loading 
for Buildings: Part 1 1984: Code of Practice for Dead and 
Imposed Loads", has retained the inclusion of concentrated 
loading. Specifically, it states that all floors shall be 
designed to carry a specified minimum uniformly distributed 
load or concentrated load, whichever produces the greater 
condition of stress; and where deflection is the design 
criterion, the greater deflection. However, the 300 mm 
square area over which a concentrated load was considered 
to act in the 1967 edition of the code has been dropped. 
The responsibility of estimating the area on which the 
concentrated load acts is placed on the designer. 
The magnitudes of the concentrated loads given in BS 
6399 are the minimum recommended and vary with the use of 
the floor. The Code covers the many floor usages in ten 
occupancy classes from dwelling houses, offices and shops 
to warehouses and car parks. 
The information available on concentrated load in 
Codes and Standards in the UK and overseas have been 
reviewed by Kearley and Carruthers (1991) . Table 2.1 lists 
the required minimum magnitude of concentrated load on 
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domestic floors given in some Codes and Standards. The 
magnitudes of typical occupancy loads (concentrated) on 
both domestic and non-domestic floors are given in Table 
2.2. In the case of pallet racking, shelving and fork lift 
trucks on warehouse floors, studies at Building Research 
Establishment (BRE) by Neal and Judge (1987) advocate 
values considerably higher than those listed for this 
occupancy class in BS 6399: Part 1. 
Table 2.1 Requirements for concentrated load on domestic floors 
(Adapted from Kearley and Carruthers, 1991) 
Code or Standard Load Applicator Performance requirement 
(origin/reference) (kN) size (mm) 
BS 6399 Part 1 1.4 
1984 (UK) 
Uniform Building Code 1975 1.3 76 dia Deflection not to exceed 0.0055 of 
(USA) span 
USA Operation Breakthrough, 1.77 16 dia No residual deflection exceeding 
1970 1.6 mm 1 hour after load removal 
1.24 16 dia 
2.5 25 dia No damage or less than 25ýk 
residual deflection 
HHFA Performance 
Standard, 1947 (USA) 1.1 25 dia 1.55 mm maximum deflection at 
spans less than 380 mm or 0.004 of 
span for spans more than 380 mm 
France NFP060001 2.0 2s dia 
1986 
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Table 2.2 Typical concentrated loads on floors 
Support Load per support 
Item/Unit 
(kN) 
Type Number in action 
Person carrying heavy load Foot 1 1.5 2.0 
21 - 31 cub. ft upright Discs 4 1.2 1.7 
freezer (fully loaded) 
Sofa-bed carrying four people Discs/ 4 1.0 1.5 
Castors 
Pallet racking Discs 4 15 - 60 
Shelving Discs 4 20 - 30 
Lifting equipment or Tyres 2/4 20 - 40 
machinery 
2.2.2 Contact area 
Exact and nominal areas 
The loaded area generally quoted in Codes of practice 
for buildings represent the contact area of the support or 
leg of either a unit of furniture or a piece of equipment. 
Complex interface and subsurface stresses are 
associated with the small contact area of a concentrated 
load. Even when the interface stresses remain within the 
elastic limit, as is normally the case in properly designed 
decking, the distribution of interface stress and 
deformation are non-uniform. This means that, strictly the 
interface is curved rather than flat (Donnell, 1976). 
In experimental and design work, in order to 
characterise local behaviour, two simplifying assumptions 
are made about the nature of the support of furniture or 
equipment (i. e. load applicator). The first assumption is 
that the applicator area directly in contact with the f loor 
surface is blunt. The second assumption is that the load 
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applicator is non-deformable. The applicator simplifies to 
a flat rigid disc. The corresponding area is the nominal 
contact area or simply the nominal area used in routine 
design. The interface stresses are generally assumed to be 
uniformly distributed over the nominal area. In the case 
of tyre supports of some items of machinery, the loaded 
area is dependent on the total load, tyre dimensions and 
inflation pressure (Cusens and Pama, 1975). 
Code and Standard reconmendations 
The area over which a concentrated load acts varies 
from as little as 15 mm diameter to over 100 mm diameter. 
The width of castors and diameter of discs supporting some 
sofa-beds and pianos can be as low as 15 mm (Kearley and 
Carruthers, 1991). For much heavier loads, for example, 
those on pallet racks, the diameter of the supporting discs 
can be between 50 and 100 mm. 
The characteristic or near minimum nominal area used 
in experimental and/or design work varies with Codes and 
Standards. The British Standard on particleboard BS 5669: 
Part 1 1989 and the American Society of Testing and 
Materials standard ASTM E661-88 have adopted 25 mm diameter 
as the minimum applicator size likely to be used in 
practice for the fixture loads in domestic and light duty 
office floors. The applicable loads on these floors are up 
to 2.5 kN/M2 for uniformly distributed loading and 2.7 kN 
for concentrated loading (BS 5669: Part 5 1989). 
British Standard BS 5669: Part 1 1989 also includes a 
50 mm. diameter applicator (in addition to the 25 mm 
diameter applicator) for use in the determination of 
concentrated load capacity. ASTM E661-88 and USA Uniform 
Building Code ICBO: 1975 recommend a 76 mm diameter disc to 
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represent foot traffic on wood and wood-based panel 
decking. 
The European pre-standard for actions on structures, 
ENV 1991-2-1: 1995 requires that a local concentrated load 
shall be considered to have an application area of 50 mm 
square. However, British Standard loading for buildings BS 
6399: Part 1 1984 does not state the area over which its 
quoted concentrated loads act. An amendment to this 
standard has gone through public comment and publication is 
expected in late 1996 or early 1997. Clause 4.1.2 on 
"Concentrated load" is expected to be extended to include 
a recommendation that in the absence of specific 
information about the actual loaded area, a 50 mm square 
area may be assumed. 
2.3 ANALYSIS OF DECKING 
2.3.1 Models of concentrated load 
Scientific purists regard a point load as a load that 
acts at a point. In reality, every load acts on a finite 
area, however small this may be. Structural designers use 
both models for a concentrated load. 
When interest is in the stresses in the vicinity of 
the small loaded area of a plate, then the correct answer 
can be obtained only by taking into account the fact that 
the load acts on a finite area and by considering the 
manner of distribution over this area. The size of the 
loaded area is required in design for local effects, for 
example, punching shear and bearing, in which case the load 
model can be referred to as a patch load. 
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Mathematically, a point load, P, is defined as follows 
Lim (pA a) 
where Aa--->o and (pAa) remains constant. 
p is the intensity of the distributed load over the area 
Aa. A point load is an idealized model of a patch load. 
This is useful for estimating the bending stress far from 
the point of application of the load. At the latter 
locations, the stresses are mainly dependent on the 
magnitude rather than the intensity of the concentrated 
load. 
As far as deflection is concerned, there is usually 
little error in the use of either the point or patch-load 
models for computation of deflection in the vicinity or 
away from the load. 
Definitions of concentrated load 
A concentrated load acts on a finite area. Given the 
magnitude of the area on which a load acts, judgement still 
has to be made on whether it should be regarded as a 
concentrated load. 
The popular school of thought regards a concentrated 
load as one in which the dimensions of the loaded area are 
small in comparison with the surface dimensions of the 
plate on which the load acts. Loads with ratios of loaded 
area dimensions to plate surface dimensions not greater 
than 0.1 are generally considered as concentrated loads. 
The thickness/span ratios of wood-based material 
deckings (and also those of the traditional materials) are 
normally between 0.1 and 0.025. This range of 
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thickness/span ratio suggests that if the dimensions of a 
loaded area are of the same order as the thickness of the 
plate, the corresponding load should be regarded as a 
concentrated load. In fact, this observation is consistent 
with a second criterion, which regards a "concentrated 
load" as one in which the dimensions of the loaded area are 
of the same order as the plate thickness (Lukasiewicz, 
1979). 
Regardless of the criterion used in analysis, the 
consensus is that high peaks of normal and shear stresses 
are encountered in the vicinity of a concentrated load. 
However, the grey area of when a loaded area reaches the 
threshold for a concentrated load still remains more of a 
judgement on the part of analysts and designers. 
2.3.2 Material model and principles in analysis 
Material model 
OSB is a midplane symmetric three-layered board. 
Knowledge of the thickness and elastic constants of each 
layer should enable the calculation of the deflection and 
layer elastic stresses from classical lamination theory. 
However, in the case of OSB, the elastic constants (and 
strength) are expressed in terms of the full board 
thickness as the layer elastic constants are not normally 
determined. This approach is frequently referred to as the 
"full cross-sectional area method" of property 
specification. Stiffness and strength (of laminated 
boards) based on the full cross-sectional area relate to an 
equivalent fictitious orthotropic board of the same 
thickness as the actual board but homogenous rather than 
heterogenous through its thickness. The full cross- 
sectional area method of property specification is the most 
popular in Codes and Standards for wood chipboards, 
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oriented strand boards and other wood-based laminated 
boards. Thus, from the design point of view, it is 
appropriate to use the equivalent homogenous orthotropic 
properties in developing the analytical model. 
It is recognised that the true point-to-point 
variation of elastic stress through the thickness of actual 
deckings cannot be determined from the equivalent elastic 
constants based on the full cross-sectional area. The 
stresses and moduli based on the full cross-sectional area 
are often appropriately referred to as apparent stresses 
and moduli. 
Principles in analysis 
Usually surface loads do not involve important 
difficulties in determining the bending stresses and 
displacements. The problem is different if we are 
interested in the stresses due to a concentrated load. 
The static response of a floor decking subjected to a 
concentrated load is generally the summation of 
(a) a thin or thick plate response, which depends on 
the deck's structural and geometrical properties 
and boundary conditions and 
(b) a corrective local response in the vicinity of the 
concentrated load. This response is mainly 
dependent on the shear properties and tension and 
compression properties perpendicular to the plane 
of the board (in the vicinity of the load). 
The shape, size and stiffness of the load applicator 
also influence the local response. This response is the 
difference between the local three-dimensional and the two- 
dimensional plate responses. 
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Although the stress field is three-dimensional under 
the load, it dies away very rapidly and ordinary two- 
dimensional plate bending stress completely defines the 
stress-state a short distance from the applied load. The 
ordinary plate theory is applied with due recognition of 
the 3-dimensional nature of the stress in the immediate 
vicinity of the concentrated load. 
The accommodation of concentrated loading in the 
small-deflection plate theory, finite element and finite 
difference techniques and simplified plate analysis 
procedures is now reviewed. 
2.3.3 Orthotropic plate theory 
Assumptions 
Prior to an examination of the solution of point-load 
bending problems by Kirchhoff and Mindlin plate theories, 
the assumptions in the theories are reviewed with respect 
to joisted floor decking. 
The first of four basic assumptions is that the 
plate's thickness, t, is small in comparison to the 
surface dimension(s), L. According to Gould (1988) the 
plate theories are applicable to thickness/span ratio in 
the range 
0.40ý! t t/L ýEt 0.001 
thick plate membrane 
The thickness of wood chipboard, plywood and similar 
wood-based sheet material decking in joisted floors is 
usually between 12 and 25 mm, whilst the span is between 
300 to 600 mm. The corresponding range of thickness/span 
ratio is between 0.1 and 0.025. This is within the 
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thickness/span limits for the plate theories. For 
engineering calculation purposes., a plate with a 
thickness/span ratio less than or equal to 0.05 is often 
defined as a thin plate (Gould, (1988) and Urugal, (1981) ). 
A plate with t/L between 0.1 and 0.05 is often regarded as 
a moderately thick plate (ASCE, 1975). According to these 
criteria, thin or moderately thick plate analysis may be 
appropriate for wood-based sheet material decking. 
The second assumption is that the deflections are 
small in comparison with the plate thickness. Sufficiently 
accurate results are obtained if the maximum deflection, Wmax 
s 0.3t. The maximum deflection shall in any case not be 
greater than O. St (Szilard, (1974) and Urugal, (1981)). 
One of the most lenient allowable maximum deflection 
requirements for wood-based sheet material deckings is 
0.01L, suggested by Storage Equipment Manufacturers 
Association (SEMA, 1982). Based on the range of 
thickness/span ratio between 0.1 and 0.025, the allowable 
maximum deflection, w..., is within the range 
0.40tý Wmax ý O-lot 
which satisfies the small-deflection requirements. 
Therefore, the deflections in adequately designed joisted 
floor decking are small enough to warrant small-deflection 
plate bending analysis. 
The third assumption concerns the effects of 
transverse shear. The transverse shear strains which act 
on planes parallel to the middle plane are neglected in the 
Kirchhoff theory. Therefore, plane sections initially 
normal to the midsurface remain plane and normal to that 
surface after bending. 
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However, wood-based sheet materials have low 
transverse shear modulus compared to the bending modulus. 
A rough approximation for the transverse shear modulus of 
wood chipboard, is E/16, where, E is the board's bending 
modulus (TRADA, 1992). Gould (1988) states that the 
transverse shear component of the total deflection is of 
greater significance in wood-based panel products than in 
concrete and steel. The thick plate theory which 
incorporates shear effects should be regarded as the 
preferred analysis option, especially for computation of 
deflection. 
The fourth assumption is that the normal stress on 
planes parallel to the midsurface is small compared to the 
bending and shear stress components. This assumption is 
not justified in the vicinity of a concentrated load. This 
is the reason why both plate theories yield only the 
bending stress component of the total in-plane stress in 
the vicinity of the load. 
Elastic parameters 
Two and four elastic constants are required for the 
two-dimensional bending analysis (Kirchhoff plate method) 
of homogenous isotropic and orthotropic plates 
respectively. This is an indication of the relative 
complexity of orthotropic plate problems. 
When transverse shear effects are to be included, the 
two principal transverse shear moduli of orthotropic plates 
are also required. For a small element of a thick 
orthotropic plate, with the (x, y, z) axes positioned 
parallel to the material property axes, the appropriate 
constitutive equations can be written directly in terms of 
the elastic parameters. 
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The two bending moduli of elasticity of wood-based 
panel products, E. and EY, are often easily determined in a 
bending test. The shear moduli GxYj Gxz and GYz are generally 
difficult to measure. Tension or bending tests are 
utilized to obtain the values of Poisson's ratios vx and vY. 
Currently, there is little data on the values of Poisson's 
ratio for wood-based panel products in general and OSB in 
particular. 
The constitutive equations relating the plate stresses 
and strains to the plate forces and displacements are the 
cornerstone of both classical and contemporary plate 
solution methods. These are given in standard texts. An 
examination of the solutions for point load by classical 
and numerical analysis techniques and simplified analysis 
methods for design purposes are now presented. 
2.3.4 Classical orthotropic plate solutions 
A wide range of floor deckings falls under the class 
of thin plates. The governing differential equation of 
thin plate bending is obtained by combining the plate 
equilibrium and constitutive equations. However, solution 
of the governing differential equation is available only 
for selected plate shapes, loading and boundary conditions. 
For analytical purposes OSB decking can be regarded as 
homogenous and orthotropic. However, the methodology and 
limitations of the classical isotropic plate solutions have 
been included in the review where relevant orthotropic 
plate solutions and results are sparse. It is noted that 
the isotropic plate is a special type of orthotropic plate. 
Both the solution techniques and solutions for isotropic 
plate should provide clues and benchmarks in the 
investigation of orthotropic plates. 
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The standard Navier and Levy series solutions for the 
flexural deflection of rectangular plate panels under point 
load converge rapidly and three to five terms give an 
accuracy sufficient for practical purposes. 
Timoshenko and Woinowsky-Krieger (1959), Lukasiewicz 
(1979) and Gould (1988) noted that for moments in the 
vicinity of a point load, a great number of terms of the 
series expression must be calculated. In general, standard 
series solutions do not converge rapidly enough for a 
satisfactory manual calculation of moments and shears in 
the vicinity of a point load. Manual solution is tedious, 
time consuming and not easy to check. However, the series 
formulae can readily be programmed for solution by 
computer. For plates simply supported on two opposite 
edges and subjected to concentrated loading, Cope and Clark 
(1984) quoted approximately 100 harmonics may be needed to 
predict moments and up to 150 harmonics may be needed for 
shear forces. Solution of a multi-span problem requires a 
larger number of harmonics as the base length for loading 
terms is the total span between the supports. 
Szilard (1974) , Donnell 
(1976) and Gould (1988) report 
that the harmonic series for moments and transverse shear 
forces become divergent as the dimensions of the loaded 
area approach zero. Therefore, series solution for moments 
and shear forces at the point of application of a point 
load should be avoided. This is the key problem in the 
application of the classical series solutions to 
concentrated loading. 
With the exception of rectangular plates simply 
supported on two opposite edges and with the orthogonal 
sides free or supported by beams, there are few solutions 
for the general class of orthotropic slabs. Work has been 
done on wood-based isotropic square plates supporting 
uniform load (Kearley and Carruthers, 1991) but little 
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research has been undertaken or published on the point-load 
bending behaviour of joisted floor decking. For more 
general solution, numerical technique such as the finite 
element method may have to be tried. 
Moments 
As the diameter of the loaded area approaches zero, 
the classical series expressions for moments tend to 
infinity. Theoretically, the moments should tend to finite 
values. Consequently, as the loaded area tends to zero, a 
fictitious area which tends to a finite value will be 
required for use in analysis in order to avoid a singular 
solution under a point load. 
A more detailed analysis of an isotropic plate by 
Westergaard (1930,1943), reported by Roark and Young 
(1975) and Urugal (1981), concluded that the flexural 
component of stress under a load concentrated on av ery 
small area of radius, rot can be found by replacing the 
actual radius, rot by a fictitious radius, r., which depends 
largely upon the thickness of the plate and to a lesser 
degree on its least transverse dimension. The approximate 
expression for this fictitious radius which applies to a 
plate of any shape is 
.re= 
F(I. 6 ro2+t2) - 0.675t (2.2) 
Urugal (1981) advocates the use of this expression 
when ro is less than 1.7t; and the actual radius when rO L. 
1.7t. Roark and Young (1975) suggest the threshold for the 
application is when the radius, ro is 0.5t and if r,, ý: 0.5t, 
the actual r. may be used. From these two recommendations, 
the transition radius separating the regions where the 
actual and fictitious loaded radii are advocated appears to 
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be ambiguous. An examination of the expression (Equation 
2.2) for the fictitious radius by the author revealed that 
the difference between the actual and fictitious radii does 
not exceed 10 percent of the actual radius when ro is 
between 1.7t and 0.5t. So the threshold f or the use of the 
actual radius, ro, can be taken as either 1.7t or 0.5t for 
practical purposes. 
The expression for the fictitious radius is consistent 
with the expectation that as the actual loaded radius ro 
approaches zero (the ro 2 term becomes rapidly 
insignificant), the fictitious radius and thus the 
corresponding moments, tends to a constant value. 
Use of the equivalent radius makes possible the 
calculation of the finite maximum bending moments and 
stresses under a point load, whereas ordinary classical 
series formulae would indicate that the bending moments and 
stresses are infinite. 
Simplified moment formulae 
In order not to go through the tedium of series 
solution, closed form solutions are generally desired. 
Closed form solutions for isotropic plate are presented as 
equations in terms of Poisson's ratio, v, and the ratio of 
loaded area dimension/span or in terms of the ratio of 
loaded area dimension/span for a specific value of 
Poisson's ratio. Typical closed form expressions for the 
bending moments at the centre of a rectangular isotropic 
plate strip, simply supported or clamped on all four sides 
and subjected to a uniform rectangular or circular patch 
load acting over a small area are given in Timoshenko and 
Woinowsky-Krieger (1959) and Lukasiewicz (1979). 
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A simplified expression for the maximum longitudinal 
bending moments in rectangular isotropic plate strips 
carrying a circular patch load, P, with a ratio of diameter 
of loaded area to span, d/l, is given in Park and Gamble 
(1980) and Cope and Clark (1984) as follows 
MX = 
cc +a 12 
D 
(2.3) 
where ul and U2 are constants which depend on the boundary 
conditions and Poisson's ratio. The expression for My is of 
a similar format, only that the values of a, and U2 are 
different. For a rectangular loaded area a. x ay, the 
principal moments depend on the dimensions, a. /l. and ay/ly, 
where 1X and 1Y are the dimensions of the sides of the 
rectangular plate. The bending moments are dependent on 
the relative values of the loaded area dimensions to plate 
surface dimensions. 
Similar closed form expressions for maximum moments in 
orthotropic plates are unavailable. One of the reasons 
could be that the number of independent elastic parameters 
that should potentially appear in a simplified expression 
for moments is four instead of two as in the case isotropic 
plates. 
From the simplified expressions for moments under a 
point load, some important observations are worthy of note. 
Cope and Clark (1984) and Park and Gamble (1980) report 
that changes in support conditions do not produce large 
changes in the maximum moments, for instance, for a ratio 
of loaded diameter to span of 0.1 and a Poisson's a ratio 
of 0.15, the spanwise centre moments in long rectangular 
simply supported and fixed plates are 0.3P and 0.25P 
respectively. Extensive analysis of rectangular slabs by 
Pucher (1973) led him to suggest that the bending moment 
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under a wheel load is practically independent of the 
position of the load on the slab, except for the edge 
zones, evaluation at the plate's centre gives a good 
approximation for all points on the slab. 
Reactive or support shear force 
The reactive force intensity in a floor decking is 
optimum when the concentrated load is next to a support. 
Theoretically, this is infinite if the load is assumed to 
act at a point, but this is reduced when the load is spread 
over a finite area. A theoretical solution for the case of 
a single load uniformly distributed over a rectangular area 
and acting near a built-in edge of an isotropic plate is 
given in Timoshenko and Woinosky- Krieger (1959) . Hahn 
(1966) gives the corresponding value for the maximum 
reactive force near a simply supported edge. The effect of 
material orthotropy on the maximum reactive force needs to 
be taken into account in the analysis of the homogenous 
orthotropic plate model of OSB decking. 
Shear deflection 
The total deflection under a concentrated load is the 
summation of the deflections due to the normal force, shear 
forces and moments. Even though the normal stress due to 
a concentrated load is high, the deflection associated with 
this stress is negligible compared to either the shear or 
flexural deflection (Donnell, 1976) . Correction to the 
bending deflection to account for transverse shear 
deflection is sufficient for practical purposes. 
Donnell (1976) gives a partial differential equation 
for determination of the shear deflection of a simply 
supported isotropic plates. A Mindlin-based theory for 
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orthotropic plates inclusive of shear displacement is given 
in Hinton and Owen (1984) . Design information on the 
effect of shear stiffness orthotropy, GjGyzj on the shear 
deflection of wood-based panel deckings is scarce. 
2.3.5 Local forces and stresses 
Extensive appraisal by Timoshenko and Woinowsky- 
Krieger (1959) have shown that for sections close to the 
point of load application, the distribution of in-plane 
stresses is non-linear (cf. linear distribution under 
surface loading). This is mainly attributed to the high 
normal non-linear stress distribution through the 
thickness. The characteristic distribution of local 
stresses is shown in Fig 2.1. 
Zone of local stress disturbance 
An important piece of information required in the 
analysis of local resistance is the zone of local stress 
disturbance. By Saint-Venant's principle the difference 
between the stresses produced by the actual loading acting 
on a small area on one face of a plate and the bending 
stresses predicted by the classical theory for the same 
loading forms a local stress field, which when superimposed 
upon the classical solution gives the correct stresses. 
This local stress field is regarded as significant over a 
region referred to as the zone of local stress disturbance. 
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According to Timoshenko and Woinowsky- Krieger (1959) and 
Donnell (1976), in an isotropic plate, the zone (diameter) 
of local disturbance of a concentrated load is between d+3t 
and d+5t, where d and t are the diameter of the loaded area 
and the thickness of the plate respectively. Outside the 
zone of local disturbance, the bending and shear stresses 
are approximately equal to those obtained from conventional 
plate theory. Park and Gamble (1980) have shown that the 
zone of local disturbance in an orthotropic plate is 
elliptical rather than circular. 
Normal and transverse shear stresses 
Concentrated loads produce high local normal stresses 
in the decking. The distribution of normal stress through 
the thickness of a plate is typically parabolic (Urugal, 
1981), being maximum at the load-plate interface and zero 
at the opposite surface. The magnitude of the maximum 
normal compression or bearing stress is highly sensitive to 
the shape and stiffness of the load applicator and the 
normal stiffness perpendicular to the plane of the board. 
Normal and transverse shear stresses across sections 
through the centre of the loaded area are complex and 
three-dimensional stress analysis is required for their 
precise determination (Timoshenko and Woinosky-Krieger, 
1959). Therefore, only approximate values of these 
stresses can be used for design purposes. In this regard, 
the applied compression load per unit contact area 
characterise the bearing stress. The shear-compression 
stress under the load is normally characterised by the 
punching shear load per unit contact area. 
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In-plane stresses 
For sections close to the point of load application, 
the elastic distribution of in-plane stresses through the 
thickness of an isotropic homogeneous plate is highly non- 
linear (Fig 2.1). This is mainly attributed to the 
Poisson's ratios effect extending into the plane of the 
board from transverse planes. In the case of an isotropic 
plate, when the diameter of the loaded area, d, is of the 
same order of the plate thickness or smaller, the actual 
in-plane compression stress under the load becomes larger 
than the flexural compression stresses given by elementary 
theory (Fig 2.1) The correction to the compression stress 
from elementary bending is dependent on the ratio of 
diameter of loaded area to plate thickness, Poisson's 
ratio(s) etc. On the other hand, the actual maximum 
flexural tension stress can be assumed to be equal to the 
maximum flexural tension stress determined by the 
elementary plate theory (Timoshenko and Wionosky-Krieger, 
1959) . This is important in the understanding of the modes 
of failure of floor deckings under concentrated load. 
2.3.6 Numerical solutions 
Finite element method 
For design purposes, it is the modelling of the plate 
bending behaviour that is required. Therefore, the 
numerical methods of analysis of plate bending response 
under concentrated loading are reviewed. 
The element shape, size, orientation and deformation 
characteristics influence the response from finite element 
analysis. Experimentation with these factors and agreement 
with known solutions are normally advocated for each 
element type. 
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Urugal (1981) Dawes (1984) , Hinton and Owen (1984) 
and Steele (1989) give solutions for the deflection of 
rectangular isotropic and orthotropic plates under a point 
load. The consensus is that generally satisfactory 
deflection is obtained with fine or coarse finite element 
mesh. 
However, there is little guidance on the determination 
of moments under a point load in user's manuals of finite 
element analysis packages and general finite element 
analysis texts. Cope and Clark (1984) mention the 
dependence of the moments on the fineness of the mesh 
division used for analysis and that at some distance from 
the point of application of the point load, stress 
resultants are acceptable for use in design. 
Cope and Clark (1984) report that the results of 
finite element analysis can be used to provide an estimate 
of the maximum shear force intensity, provided the 
contribution from a concentrated load close to the supp 
' 
ort 
is treated as a patch load, with a dispersion at 450 from 
the edge of the contact area to mid-depth. 
Investigation of the critical plate stresses and 
deflection could be carried out with the aid of the finite 
element analysis technique which easily accounts for 
transverse shear effects and orthotropy in material 
properties. It is noted that even when the loading is 
distributed over a finite area, the plate stresses are 
exclusive of the high normal or out-of-plane stress in the 
neighbourhood of the loaded area, since the assumption of 
zero normal stress is clearly violated. 
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Finite difference method 
This method is based on the partial differential 
equation for a plate continuum. The plate continuum, which 
represents an infinite number of points, is approximated to 
a finite number of points or nodes. Difference equations 
for the nodes replace the partial differential equation. 
The former reduces to a system of linear equations. No 
solutions are provided between the nodes. The accuracy of 
the approximation depends on the number of adjacent nodes 
that are assumed to influence the difference equation. The 
derivation of the finite difference operators for 
orthotropic plates are covered in Szilard (1974) and Urugal 
(1981). 
The difficulties in handling material orthotropy, 
complex shapes and boundary conditions have largely kept 
the finite difference method out of the design office. 
However, it is a very powerful research tool when used 
properly. 
2.3.7 Simplified analysis for design purposes 
A popular method for analyzing an isotropic plate 
developed over the years is the replacement of the plate by 
a series of orthogonal beams. This method is very 
successful with uniformly distributed loading. Attempts to 
use a similar approach for a concentrated load on joisted 
decking encounter the problem of defining the effective 
bending width. The effective width is understood to be the 
length of decking parallel to the supports which can for 
practical purposes be regarded as being structurally 
involved in resisting a particular load, in this case a 
point load. 
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Various rules-of -thumb expressions, based on practical 
experience and experiment, have been proposed for the 
effective bending width of a plate strip subjected to a 
point load. Moss (1991) concluded from concrete floor 
tests that an effective bending width equal to the span is 
adequate. BS 5268: Part 2 1991 "Code of Practice for 
permissible stress design materials and workmanship" 
recommends that for design purposes the effective width can 
be assumed to be equal to the span of the decking. No 
references are quoted in support of this recommendation, 
although Kearley and Carruthers (1991) stated that this 
assumption has been confirmed to some degree by work on 
plywood in North America. Kearley and Carruthers (1991), 
however, expressed doubts about the accuracy of this 
assumption to the general class of wood-based panel 
products and suggest that it should be critically examined. 
The recent Timber Research and Development Association 
publication "Use of structural (C5) Grade chipboard", also 
suggests that for the design of joisted isotropic decking, 
a concentrated load could be assumed to be uniformly 
distributed (line load) over a width parallel to the joists 
equal to the span of the decking (TRADA, 1992) This is 
regarded as the equivalent beam or load distribution width. 
However, TRADA (1992) emphasised that "without 
sophisticated testing and computer analysis, it is not 
possible to determine the exact shape of this loading 
profile .... 11 and hence the effective width. The level of 
error in the use of this approximate method in design 
calculations for wood-based sheet material decking is not 
known and warrants investigation. If this assumption is 
not acceptable for design purposes, the question is: what 
load distribution width(s) should be adopted for the design 
of isotropic and orthotropic deckings. For orthotropic 
plates, the response partly depends on the degrees of 
orthotropy in bending and transverse shear moduli. This 
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has to be included in any investigation in order to develop 
and assess the equivalent beam design calculation method. 
The critical load position for moments and deflection 
is at midspan, whereas the critical load position for 
reactive force is near the support. Therefore, the 
effective width for the reactive force is expected to be 
much smaller than that for moments and deflection. This 
has been mentioned by Hahn (1966). In fact, the effective 
bearing width should be of the order of the dimensions of 
the loaded area rather than of the span of the decking. In 
short, it seems that widely different effective widths may 
be required for the different design considerations. 
2.4 EXPERIMENTAL CHARACTERISATION OF DECKING BEHAVIOUR 
2.4.1 Categories and purposes 
From the review of the rigorous and simplified methods 
of analysis, it appears that three categories of data about 
the decking are required in order to develop a suitable 
design calculation method for joisted floor decking under 
a concentrated load. These are the plate bending elastic 
constants, strengths in the vicinity and away from the load 
and the effective width. 
TRADA (1990a) identified the characteristic properties 
relevant to the design of floor decking subjected to 
gradually applied concentrated load as follows 
(a) bending moduli and strengths in the two principal 
axe s, 
(b) planar shear moduli and strengths in the two 
principal axes, 
(c) panel shear moduli and strengths in the two 
principal axes, 
(d) bearing resistance on board plane and 
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(e) concentrated load resistance. 
Poisson's ratio is also required in a full and precise 
structural analysis and/or design. 
Test methods for the determination of the bending and 
shear properties which define the stress-strain state away 
from a point load are widely documented. Stresses in the 
vicinity of a concentrated load are simulated in direct 
surf ace compression (bearing) , pure punching shear (without 
bending) and punching shear with bending tests. 
Traditionally, design for concentrated load has been 
based on full-size or "as-built" floor tests and 
manufacturers' specification because limited data were 
available on the full set of two-dimensional (plate) 
properties and calculation procedures were difficult and 
tedious. Recent trends are towards extending the study to 
cover the determination of elastic and strength properties 
relevant to concentrated load and the use of the properties 
to develop acceptable design calculation methods. Both 
traditional and contemporary experimental methods for 
determination of the properties relevant to decking design 
under concentrated loading are now reviewed. 
2.4.2 Full-scale test methods 
Wood-based sheet material and timber standards often 
incorporate basic guidelines for determination of 
structural property data under uniform surface or line 
loading while recognising the unique aspect of the 
structural property under concentrated load. The latter 
are relegated to the category of "full-size performance- 
based properties". Manufacturers, national and 
international full-size testing methods for determination 
of the performance-based properties are available. 
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However, the test results are often of limited usefulness 
because they apply only to a specific full-size structural 
form or design. Any deviation from the structural form or 
design (i. e. span, fixing) requires the designer to make 
educated estimates, interpretations, or interpolations 
based on the data or results that are available. 
Nonetheless, full-size load testing is an alternative to 
calculation in establishing the structural adequacy of a 
particular design. Four of the common full-size 
concentrated load test methods are now reviewed. Emphasis 
is on the principal parameters that influence the 
behaviour. 
Standard test methods 
In the case of joisted floors, the board decking 
rather than the joists is critical under concentrated 
loading (Baird and Ozelton, 1987) . Most tests seek to 
determine the adequacy of the decking while they are 
supported on a rigid base, so that the contribution of the 
joists to the decking stiffness and strength is excluded. 
The rigid base is normally timber joists continuously 
supported on steel beams which may in turn be firmly 
anchored to a concrete floor. The layout and fixing of the 
boards to the joists and the spacing of joists are those 
intended for design. 
In this study of the test methods, the essential 
fields of information which are deemed to influence the 
mean value and standard deviation of the results were 
identified. These have been classed under eight headings, 
as follows 
(a) quality and sampling of boards 
(b) size of boards 
(c) size of floor decking 
(d) number of tests 
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(e) conditioning environment of test pieces 
(f) laying and fixing of test pieces 
(g) rate/duration of loading and 
(h) size and shape of load applicator. 
The four test method examined are 
(a) BS 5669 Particleboard Part 1 1989- Methods of 
Sampling Conditioning and Test- Clause 26- 
Determination of Performance of flooring boards: 
Large-scale test British Standards Institution 
(BSI), London 
(b) prEN TC 124.109 Timber Structures- Test Methods- 
The Performance of Structural Floor Decking 
European Committee for Standardization (CEN) , 1990 
Brussels 
(c) ASTM E661-88 Standard Test Method for Performance 
of Wood and Wood-based Flooring and Roofing 
Sheathing Under Concentrated Static and Impact 
Loads American Society for Testing and Materials 
(ASTM), 1988 Philadelphia and 
(d) SEMA Guideline No. 3 Guide to Industrial 
Suspended Floors using Chipboards Storage 
Equipment Manufacturers Association (SEMA), 1982 
London. 
Overview of Standard test methods 
The test methods are applicable to floor deckings with 
glued and/or fully supported joints between the floor 
panels. The prEN TC 124.109, BS 5669 and ASTM E661-88 
methods are comparative test methods- for comparing the 
performance of structural floor decking subject to a 
specified concentrated static load. On the other hand, the 
SEMA test is intended to provide design values for use in 
calculations to establish acceptance of the structure based 
on the strength and deflection results. This approach is 
an acceptable alternative to calculations. A comparison of 
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the essential parameters of the test methods is shown in 
Table 2.3. 
Table 2.3 Requirements in full-size concentrated load tests 
Standard or reference 
Class of data 
BS 5669 Part 1 1989 prEN TC 124.109 ASTM E661-88 SEMA Guide 3-82 
1990 
Size of test width-typical 1200 Typical minimum Width of whole 3-whole panel 
floor mm if fully width of 2400 mm board x2 spans if width x3 spans 
supported but 2400 or 2-whole panel fully supported but 
mm or 4-whole panel width minimum 1200 mm 
width if jointed length -2 spans width x2 spans if 
length- 2400 mm (jointed floor) jointed 
Size of 2400 x 600 mm if As required At least 600 mm As required 
boards fully supported & in service wide in service 
at least 1200 mm x 
600 mm if jointed 
Board quality As required Representative of Representative of As required 
and sampling in service panel panel in service 
Number of As deemed As deemed At least 10 tests 3/6 
tests necessary necessary for each condition 
Conditioning As expected in As deemed Should simulate As expected 
environment service necessary dry/wet conditions in service 
Laying and As planned for As required As planned for use As required 
fixing use in service in service in service in service 
Rate/duration 45 Nls Stiffness I min. Stiffness 2.5mm/min up to 10 hrs 
of loading Strength 5 min Strength 5mm/min 
Load Hemispherical head Disc- 25 mm dia Disc-76 mm dia for Disc- 50 mm 
applicator of 200 mm diameter Stiffness and 25 mm square 
size dia for strength 
Size of test floor 
In the simplified method of analysis of decking 
(Section 2.3.7), it was mentioned that for practical 
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purposes the "effective width" is the length of decking 
parallel to the joists that can be considered to be 
structurally involved in resisting a particular load. The 
value of the effective width so defined is of crucial 
importance in the development of a general method of 
testing of sheet materials deckings because this should 
govern the minimum width of panel to be recommended for 
testing. 
The standard test methods advocate test floor widths 
between two and four times the span. The lengths of the 
test floors are also between two and four times the span. 
Size of sheeting 
Standard sizes of sheeting are the norm. 
Quality and sampling 
These are invariably representative but not better 
than those intended for use in service. 
Number of tests 
This varies from one for tests intended for comparison 
of board performance to ten for tests intended for design 
purposes. 
Conditioning environment of test pieces 
The conditioning environment of the test pieces 
generally simulate that intended during service. 
Laying and fixing of test pieces 
These simulate those to be used in service. 
Rate/duration of loading 
The higher duration of test of 10 hours in SEMA is 
regarded as an attempt to account for the visco-elastic 
behaviour i. e., loss of stiffness and strength with time. 
As these tests are for establishing safe loads for the 
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decking, such an extended duration is appropriate. The 
other tests are of short durations, typically between 1 and 
5 minutes. 
Load applicator size 
This varies from circular discs with diameters between 
25 and 75 mm to an hemispherical head of 200 mm diameter. 
A square disc is recommended by SEMA. 
Expression of test results 
Although the test methods vary in details, the 
expressions of the performance data are stereotyped. These 
are presented in elementary terms, such as, concentrated 
load capacity and load per unit deflection (in the linear 
elastic range). Sometimes modification factors, normally 
for load duration, are included in the specification when 
the test results are to be used in designing or 
establishing acceptance of a design. 
Given the plate bending properties and the punching 
shear capacity from small-scale tests, the sole purpose for 
full-size test should be to characterise the load capacity 
under punching shear and bending. Ideally, the results of 
full-size tests are used to derive punching shear-moment 
interaction diagrams and equations leading to empirical 
design formulae (Soothill, 1984) 
2.4.3 Small-scale test methods 
Tests for plate bending properties 
The methods for testing wood-based sheet materials for 
mechanical properties vary considerably throughout the 
world. Apart from the size of the test specimen, other 
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factors that can significantly influence the test results 
are the loading configuration and time to failure. These 
and other relevant aspects of the small-scale experimental 
characterisation methods are now reviewed. 
Flexural properties 
Until recently the strength and stiffness 
characterization tests have been based entirely on test 
pieces between 50 and 100 mm wide with lengths between 20 
and 25 times the nominal thickness. These basic sizes were 
intended for the broadest possible uses, including the 
evaluation of the structural properties. Extensive 
chipboard and plywood design stresses and moduli based on 
these sizes of test pieces are in use. 
However, in recent years, re-examination of the 
suitability of these sizes of test pieces in providing 
characteristic values has been undertaken in North America 
and Europe. The general trends in bending test methods are 
partly based on the results obtained from solid timber. 
According to Liu et al (1991), three main conclusions have 
been reached. First, beams of the same dimensions but 
subjected to different loading arrangements will have 
different strengths. Strength from four-point loading test 
tends to be lower than strength from centre-point loading 
test. In the four-point bending tests, strength decreases 
when the central span in pure flexure, x., increases. These 
are the loading configuration effects (Fig 2.2). 
The second conclusion is that strength decreases when 
the span, L, increases. This is the length effect. 
Finally, the strength decreases when the time to failure, 
ts, increases. This is the rate of loading effect. 
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Fig 2.2 Loading configurations for bending test 
However, theoretical formulation by Liu et al (1991) 
suggests that strength decreases when the beam width 
increases, but this has not been substantiated by test 
results. Liu et al (1991) mentioned that there is the 
likelihood of the width parameter being coupled with either 
the depth or length parameter. 
As far as stiffness is concerned, the preferred four- 
point loading test method yields the true modulus of 
elasticity. However, there is still the test piece size 
and rate of loading effects to be considered. The 
characteristic dimensions of the strands in OS3 are about 
60 mm long and 30 mm wide. The use of a test piece width 
much greater than 60 mm should be appropriate for the 
determination of OSB bending property. 
British timber research interest in developing test 
techniques for dealing with the newer types of wood and 
wood-based board materials has been shared by other 
participants in international groups such as the 
International Council for Building Research (CIB) and 
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International Union of Testing and Research Laboratories 
for Materials and Structures (RILEM). The outcome of such 
a cooperation was a RILEM/CIB drafted set of 
recommendations in support of a timber design code for 
international use which recognised the influence of the 
size and shape of a test piece and the size of any inherent 
material defects such as knots on the measured strength. 
The recommendations were presented to the European 
Committee for Standardization (CEN) and formed the basis of 
the European Standard EN 789: 1992 "Timber Structures: 
Testing of Wood-based Panels for the Determination of 
Mechanical Properties for Structural Purposes". One of the 
main recommendations is that it is clearly more efficient 
to use large test pieces to obtain strength directly, than 
to attempt to extrapolate large-scale strength from small 
specimen test results. The key aspects of this standard 
are now described. 
EN 789 recommends a four-point bending test. The test 
pieces are of a size representative of the majority of 
wood-based panels in service. The need for a test piece 
width appropriate to chipboard, waferboard, OSB and other 
panels caused the recommended nominal width of test piece 
to be 300 mm compared with widths between 50 and 100 mm in 
traditional small-scale test methods. The central loading 
span of constant moment is 300 mm. The overall span 
between the outer supports varies depending on the material 
type and thickness. The EN 789 method recommends an 
overall span of 300 + 32t mm for both principal directions. 
The minimum and maximum spans are 780 and 1100 mm 
respectively. These recommended spans (based on extensive 
tests) are deemed to avoid the problems of excessive 
deflection at relatively large spans and premature shear 
failure at relatively short spans. 
An estimate is normally made of the weak face of the 
test piece so that this f ace may be placed in tension. The 
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Standard recognises that for thin materials or those with 
low stiffness properties, the support spacing recommended 
may result in excessive deflection and also high angular 
rotation at the supports. An angular rotation at the 
supports during tests in excess of 200 requires a 
correction to standard calculations. 
EN 789: 1992 is similar in many respects to the two- 
point flexure test of ASTM D3043-87. A major difference is 
that ASTM D3043-87 recommends an overall span between outer 
supports at least 300 + 48t mm for the major principal 
direction parallel to span and 300 + 24t mm when the minor 
principal direction is parallel to the span. 
The 50 to 100 mm wide test pieces for characterisation 
of bending properties are being phased out in preference to 
the 300 mm wide test pieces. Tests with the smaller test 
pieces are now carried out mainly for comparison with 300 
mm wide test results or for quality control purposes 
(mainly during manufacture), specification and grading of 
boards. 
Planar and panel shear properties 
Panel and planar shears are terms used in the European 
design standard, EC5, and are associated with wood-based 
panel products. Panel shear, caused by twisting moments or 
in-plane forces, is referred to as shear through the 
thickness in North American terminology. Planar shear is 
shear in or parallel to the plane of the plate. 
Two main loading configurations have been adopted in 
the determination of panel shear properties. The choice of 
loading method depends on the purpose of the test and the 
characteristics of the test material. The first method 
uses a square test specimen, which is loaded diagonally in 
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compression through a steel jig hinged at the four corners - 
The effect is to induce pure in-plane shear stresses which 
distort the square shear area into a rhombus. This test 
method is regarded as giving more accurate shear modulus 
and is therefore recommended for stiffness test (Mettem, 
1986) . Details of this method are given in many standards, 
for example, BS 5669: Part 1 1989, ASTM D2719-89 and EN 
789. A schematic of the loading arrangement is shown in 
Fig 2.3. 
The second method referred to as the two-rail test, 
involves loading the timber or steel rails which bound the 
long edges of a rectangular shear specimen. The load is 
applied so that the resultant of the forces applied to the 
rails is a single force acting along the longitudinal axis 
of the test piece. The short edges of the specimen are not 
loaded or restrained. A schematic of the loading 
arrangement is also shown in Fig 2.3. 
In both methods, the shear modulus is calculated from 
the strain along the compression diagonal passing through 
the centre of the shear area. An adjustment to the modulus 
of rigidity is required in the two-rail test method to 
compensate for the effects of non-uniform shear stress 
distribution near the ends of the shear area. 
In the planar shear test a rectangular test piece is 
bonded between steel plates bevelled at opposite ends of 
the specimen to provide knife-edges for loading the plates 
at the faces bonded to the test piece. The knife-edges 
project beyond the ends of the test piece. The specimen is 
loaded in compression at a uniform rate. Slip between the 
plates is measured by a suitable gauge and the effective 
shear modulus is calculated from a plot of load versus 
Slip. The shear strength is computed from the maximum 
load. A schematic of the loading arrangement is 
illustrated in Fig 2.4 
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Although the test piece assembly and the loading 
arrangement are complex, the panel and planar test methods 
have been accepted and widely used in North America, 
Britain and the Scandinavian countries. 
Poisson's Ratio 
Structural analysis and design of the traditional 
timber members (joist, beam and column) do not require 
Poisson's ratio. This is one of the reasons for the little 
information available on the experimental determination of 
Poisson's ratio of wood and wood-based structural panels. 
The determination of Poisson's ratio is yet to be 
documented in wood-based panel Standards. 
Both tension and bending tests can be utilized to 
obtain Poisson's ratios. As in the case of materials such 
as polymer composites, Poisson's ratio can be measured from 
a suitable tension test piece. various instrumentation 
techniques are used to measure the axial deformation of 
wood and wood-based sheet materials (Tuomi, 1980) . For 
orthotropic materials, such as OSB Poisson's ratio in the 
principal material axes in the board's plane are required. 
Tests for local properties under concentrated load 
Punching shear 
The first small-scale method for determination of the 
punching shear capacity of wood-based sheet material was 
developed at Timber Research and Development Association 
(Soothill, 1983) and was subsequently incorporated into BS 
5669: Part 1 1989. This is the only small-scale punching 
shear test method for wood-based panel products known to 
date. 
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The principle of the test is that a load is applied to 
the surface of a rigidly supported test piece via a loading 
head of specified area until maximum load is reached. This 
method measures local shear-compression resistance, the 
accompanying moments being negligible. The capacity based 
on this test provides an upper bound value of the board's 
concentrated load capacity. 
Theoretically, for an isotropic plate loaded by a 
circular punch of diameter, d, the diameter of local 
disturbance lies between d+3t and d+5t, where t is the 
thickness of the board. It is not surprising that the 
steel support plate for the test piece in this test has a 
central circular aperture of diameter 6t + 50 mm, where t 
is the panel thickness in millimetres. A circular aperture 
was adopted in order to simulate the symmetrical nature of 
the punching shear failure mode, minimize bending and avoid 
the stress concentration associated with the corners of 
rectangular supports. The recommended diameter of the 
central circular aperture on the steel plate was mainly 
based on the sizes of the failure surfaces obtained from 
tests on wood chipboard. The adequacy of the diameter of 
the central aperture in the support plate for orthotropic 
panels such as OSB is not fully known. The essential 
requirement though is that the typical fan crack should be 
within the boundary of the aperture. It is important to 
note that the punching shear test rig specified in BS 5669: 
Part 1 1989 is recommended for circular load applicators of 
25 and 50 mm diameters only. 
The BS 5669: Part 1 1989 punching shear test requires 
that the time to maximum load be within (90+-45)s, which is 
considerably lower than the (300+120)s duration in EN 789 
of EC5 which considers test methods for the determination 
of the mechanical properties for structural purposes. 
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The form of presentation of the results of punching 
shear test varies from simply specifying the load capacity 
and test piece thickness to empirical load capacity 
equations related to the punch diameter and test piece 
thickness. BS 5669: Part 1 1989 recommend that the results 
be expressed in the form of maximum load per unit measured 
thickness. 
Bearing 
Bearing or compression perpendicular to the plane of 
the board is a local effect. As the stresses under a 
concentrated load are highly localised and triaxial, the 
actual stress intensity can be very high without producing 
rupture of test piece (Timoshenko and Woinosky-Krieger, 
1959). In fact the bearing test becomes increasingly 
stable with increasing load. For experimental 
characterisation of the failure load, it is often necessary 
to pre-define the onset of bearing failure, for example, on 
reaching 1.5 mm indentation or a prescribed normal 
compression strain. 
Bearing test is normally performed on test pieces 50 
x 50 mm in cross-section and 150 mm long. The bearing 
strength is often defined in terms of the load 
corresponding to a 10-. compression strain. Tests on 50 mm, 
x 50 mm section samples of grade C5 wood chipboard (TRADA, 
1992) obtained values which were too low to be meaningful. 
As characteristic strength is a near-minimum property, 
commonly the lower fifth percentile for stress, BS 5268: 
Part 2 1991 decided to adopt the value of the 
characteristic bearing strength of SC2 timber for grade C5 
wood chipboard. Tests on C5 chipboard (TRADA, 1992) 
confirmed the suitability of this bearing strength. 
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Effects of duration of loading and service environment 
Characteristic values relate to short-term load 
durations, generally under ten minutes. As there is loss 
of strength and stiffness with time; the design stresses, 
moduli and concentrated load capacities given in Codes and 
Standards relate to long-term loading. 
Compared to plywood, creep under sustained load is 
more onerous in boards such as wood chipboards, waf erboards 
and oriented strand boards. Loss of stiffness or strength 
under sustained loading is quantified from small-scale 
bending tests under a range of static loads. A typical 
small-scale test method is that suggested in BS 5669: Part 
1 1989. With the current trend towards the use of medium- 
size test pieces, the use of such test piece sizes in creep 
tests should become appropriate. Generally, modulus-time, 
strength-time and stress level effects are experimentally 
determined for a duration of three to ten years and values 
at a later period are extrapolated from the test curve or 
fitted equation (TRADA, 1992). 
However, modification factors are usually based on 
conventional engineering bending tests which use surf ace or 
line load. Creep under concentrated load should be more 
appropriate. There is need for experimental verification 
of the effects of medium- and long-term concentrated load 
on stiffness and strength. 
Structural grade OSB can be used in service classes 1 
and 2 of EC5. The environmental conditions in service 
classes 1 and 2 are 200C and 650-. RH and 200C and 850-o RH 
respectively. Service class 1 is typical in buildings with 
heating and protected from persistently damp conditions. 
Service class 2 is expected in covered but unheated parts 
of buildings, for example, some ground floor structures. 
At service classes 1 and 2, wood-based panels including 
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OSB, would attain moisture contents of about 10 and 1506 
respectively (Blass et al, 1995). 
2.5 DESIGN OF DECKING 
2.5.1 Assumptions 
A safe floor decking relies on good Code of practice 
for workmanship. As far as joisted floor decking 
construction is concerned, one of the main requirements 
according to BS 5268: Part 2 1991, is that "free 
unsupported edges are not permitted". It is also required 
that the edge joints between adjacent boards should be 
glued and/or supported such that the performance of the 
board in these areas is at least as good as for a single 
board in respect of the load considered. 
Such a performance is deemed to be provided if edge- 
joints between adjacent tongue-and-groove boards are glued 
and/or supported by noggings or joists. Uniform 
performance is considered to be achieved with square-edged 
boards when all edges are continuously supported on joists 
or noggings. Wherever possible the boards should span over 
at least three spans and joints along the shorter edges 
should be staggered. The perimeter edges of the floor 
should be supported on either joists or noggings. The 
following are assumed in the routine design of decking 
under concentrated load 
(a) the boards are of identical type, grade and 
nominal thickness, 
(b) the boards are nailed or screwed to joists, 
(c) the decking reduces to a series of simply 
supported and/or continuous panels, 
(d) the decking is supported on rigid joists, 
(e) the span of the decking is equal to the centre to 
centre spacings of the joists, 
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the floor decking is effectively restrained 
laterally, 
(g) the concentrated load acts in that portion of the 
decking between the joists, 
(h) linear elastic analysis is suitable for the 
determination of the service bending stresses 
and deflections and 
(i) design for local stresses are empirical and based 
on experimental results. 
2.5.2 Performance requirements 
Deflection 
A floor decking must be of sufficient stiffness so 
that the deflection remains within limits appropriate to 
the functional and aesthetic requirements and the worst 
load combination. 
Deflection limits are normally specified either in 
absolute terms or relative to the suspended span under 
consideration. BS 5268: Part 2 1991 recommends a maximum 
total deflection of 0.003L for a flexural member when fully 
loaded, where L is the span. This limit should be applied 
to the total deflection (due to live and dead loads) when 
the designer has no experience of the behaviour of the 
structure. The Code offers the alternative of considering 
this limit as applicable to live load deflection only, 
although then the designer would be strictly limited to 
0.003L. In using this alternative interpretation, however, 
the Code clearly puts the responsibility on the designer to 
determine the limit of deflection that will meet the 
criteria of restricting damage to finishes, proper 
functioning of equipment, safety, etc. This will require 
the designer to have knowledge of the type of structure to 
be designed, the function of a particular member when 
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finishes are applied and the nature and type of loading. 
It therefore appears that a blanket limit of 0.003L, for 
the deflection due to dead + live loadings, may lead to 
greater size and therefore cost of flexural members. 
Experience with wood-based panels in flooring has 
produced many other guidelines on permissible deflection. 
A summary of the performance requirements for concentrated 
load on domestic floors has been given in Table 2.1. 
Permissible deflections of floor decking subjected to 
concentrated load are given in Table 2.4. For such small 
area loadings, deflection is almost independent of the 
loaded area and so the permissible deflections in the 
various Codes and Standards can be directly compared. 
A characteristic feature of wood-based decking is the 
short span range from 300 to 600 mm. The BS 5268: Part 2 
1991 deflection requirement strictly relate to solid timber 
joists and beams, typically in the span range from 2.0 m to 
4.0 m. The 0.003L deflection limit is often considered 
inappropriate to the small spans of wood-based deckings. 
Permissible deflection limits greater than 0.003L, often 
between 0.004L and 0.01L are often used in routine design. 
Sometimes, the alternative format of specifying the maximum 
deflection for various span ranges is preferred TRADA 
(1992). In addition, separate deflection requirements are 
often advocated for instantaneous deflection due to 
variable load and for total deflection, for example, in 
EC5. 
It is emphasised that these are only guidelines which 
may be used at the discretion of the designer to met a 
given design criteria. Although the deflection 
requirements vary relatively widely, the value adopted for 
a design must take into consideration the safety of the 
structure, aesthetic and integrity and the performance of 
the joints. 
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Table 2.4 Permissible deflection of floor decking with 
concentrated load 
Code or other reference Duration of Maximum permissible deflection 
load 
BS 5268 All 0.003L 
Part 2 1991 
Storage Equipment Manufacturers All 0.01L for L<50 
Association 
(SEMA, 1982) 5 mm for 500<Lýýiooo 
0.005L for L>100 
(TRADA, 1992) Medium/short 0.01L for L: 5600 
(domestic floors) 
Long 0.005L for L: ý60 
Medium/short 0.01L for L:! ý80 
L[0.01 -1.75 x 10-5(L-600) 
for 600<L-5100 
(TRADA, 1992) 0.003L for L>100 
(heavy duty floors) 
Long 0.005L for L: ý80 
L[O. 005 _1.0 X 10-5 (L-800) 
for 800<L: 5200 
0.003L for L>100 
USA Uniform Building Code 1975 All 0.0055L (domestic floors) 
DD ENV 199S-1-1: 1994 (EC5) All L/200 for variable load deflection 
L/300 for total defleccio 
USA Operation Breakthrough, All 1.55 mm for L: 080 mm 
1970 0.004L for Lý360 mm (domestic floors) 
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Indentation and durability 
Indentation 
Aesthetics or good appearance of a deck's surface is 
often a design requirement. Concentrated loading on a 
visco-elastic material such as wood can result in some 
delayed recovery of surface compression, or permanent 
surface deformation in the form of irrecoverable 
indentation. The indentation is mainly dependent on the 
intensity of the concentrated load. Limited indentation of 
the board by a concentrated load can be part of the design 
brief. Where appearance is important prescribed maximum 
values of indentation are laid down, for example, 0.15 mm 
for Platform floors (MOB, 1985) . However, aesthetics or 
surface appearance may not be considered important, e. g., 
in temporary decking used during construction and in floor 
decking with underlayment and/or surface finishes. This 
aspect is not often covered in Timber Codes and Standards. 
It is not considered further in this research study. 
Durability 
The requirement for durability of oriented strand 
board is usually a primary consideration. Continuous 
soaking through leakage in interior use must be avoided. 
Continuous soaking of oriented strand board results in 
excessive swelling, reductions in strength and stiffness 
and accelerated decay of the board. OSB is generally 
inappropriate for parts of buildings exposed to the 
weather. 
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2.5.3 Design guidelines and considerations 
Guidelines for selection and design 
As the design of floor deckings under concentrated 
load is traditionally experimentally-based, general 
guidelines for the selection and design of oriented strand 
board have been application-oriented. 
UKIPA (1991) recommends that for domestic flooring the 
maximum span for OSB boards of 15 and 18 mm nominal 
thicknesses shall be 450 and 600 mm respectively. For 
light duty suspended floor, 18 mm thick OSE at a maximum 
span of 400 mm is recommended. For other non-domestic 
suspended floor decking applications, OSB manufacturers 
often provide design guidance (Table 2.5). 
The recently published design calculation method for 
C5 wood chipboard (isotropic) decking subjected to 
concentrated loading (TRADA, 1992) is regarded as 
tentative. More analytical work is required in order to 
enable an assessment of the TRADA method and its 
applicability to the design of OSB decking. 
Table 2.5 Standards etc for application of OSB in floor decking 
Application Standard or other reference 
Domestic flooring UKIPA, 1991: Clauses 12.1 and 12.2, 
Tables 6 and 7 
Light duty suspended flooring 
(e. g. general office) 
UKIPA, 1991: Clauses 13.1 and 13.2, 
Table 8 
other applications OSB manufacturers 
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Stiffness and strencrth desi(qn considerations 
Characteristic properties 
Engineers pursue safety, and make allowance for 
deviations from "mean" conditions during construction and 
operation by providing margins of safety, for example, by 
employing characteristic values and safety factors for both 
material properties and loads. 
The characteristic value of a material property is a 
fractile of the assumed distribution of the property in 
question. Geometrical properties such as cross-sectional 
area and section modulus are often based on near minimum 
thickness. This is obtained by subtracting the maximum 
negative tolerance from the quoted nominal thickness. The 
resulting thickness is aptly referred to as the "minimum 
thickness" in British Standard BS 5268. The characteristic 
value of a strength property is also a near minimum 
property, usually the lower fifth percentile. The 
characteristic value of modulus of elasticity is either the 
mean value (for stiffness in EC5) or fifth percentile (for 
C5 chipboard in BS 5268 and for ultimate strength design in 
EC5). 
Most characterisation tests are of short duration 
often between one and ten minutes. Modification factors 
for load duration and/or service class are applied to 
short-term properties in order to define long-term 
properties. The starting point though is the short-term 
characteristic values. 
Modification factors 
The relative importance of the effect of the duration 
of the applied load on strength and elastic modulus is 
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reflected in the magnitudes 
modification factors. 
of the load duration 
The load duration modification factors relate to the 
total period for which a particular type of load may be 
applied. Deformation and strength modification factors, kdef 
and k mod respectively have been published recently for OSB in 
DD ENV 1995-1-1: 1994 of EC5. 
It is the designer Is responsibility to ensure that the 
total period for which a load is expected to be applied 
during the design life of a structure corresponds with the 
load duration class of the modification factor. 
Design considerations 
Bending, planar shear, panel shear, punching shear and 
combined punching shear and bending failures of wood-based 
panel deckings can occur under a concentrated load. 
Excessive deflection is undesirable. With the normal 
proportions of board thickness and spans, it is unusual for 
buckling of joisted floor decking to take place (Baird and 
Ozelton, 1987). Design calculation methods should address 
these limit states. 
In wood-based floor decking under surface loading, 
deflection and bending strength are usually the critical 
design consideration. Under concentrated loading, planar 
shear, bearing and punching shear strengths could also 
become significant because of stress concentration. 
As far as stiffness is concerned, the permissible load 
on a floor decking depends on the following 
(a) characteristic elastic constants, 
(b) safety factors, 
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(c) load duration and intended climate class which are 
allowed for by modification factor(s), 
(C) layout of the board decking (which determines 
whether the floor should be designed as simply 
supported or continuous) and 
(d) the deflection limits. 
Poisson's ratio is not normally determined, therefore, 
its minimal effect on deflection is such that its value is 
conservatively assumed to be zero in the calculation of 
deflections. 
In the case of strength design, the permissible load 
depends on the safety factors, characteristic bearing, 
flexure, panel and planar shear strengths, punching shear 
capacity, punching shear-moment capacity or appropriate 
interaction equation, intended climate class and load 
durations and the layout of the board decking. The 
punching shear-moment capacity reflects the effect of 
moments on the punching shear capacity (Soothill, 1984). 
2.6 CONCLUSIONS 
The stress-strain state is two-dimensional in the 
immediate vicinity of the load but three-dimensional away 
from the load. Therefore, the design considerations can 
classed as ordinary bending and local effects. 
Bending design is based on plate theories, whilst the 
design for local actions (bearing, punching shear and 
combined punching shear and bending stresses) are pragmatic 
and experimentally-based. 
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Plate bending ana ysis 
Although the moments under a point load are physically 
finite, classical plate theory yields singular solutions. 
However, solutions for the moments are available for 
isotropic plates when the concentrated load acts over a 
finite area. Flexural deflection of orthotropic plates can 
be easily determined using classical plate theory. Shear 
deflection is significant in wood-based sheet material 
decking, but classical solutions for the shear deflection 
of orthotropic plates are not available in the literature. 
Information on the maximum reactive forces in orthotropic 
plates are scarce. The finite element analysis method 
which covers orthotropic material could facilitate a 
parametric study of the critical deflection, reactive 
forces and moments in OSB (orthotropic) floor decking. 
Simplified bending design 
As f ar as bending is concerned, knowing the peak 
reactive forces, moments and deflection in orthotropic 
decking should enable a simplified design calculation 
method to be developed. 
The concept of equivalent beam width is useful in the 
development of a simplified design calculation method for 
concentrated load. The TRADA design calculation method for 
isotropic deckings assumes that the equivalent beam width 
is equal to the span. However, this assumption needs to be 
assessed and the equivalent beam width(s) for OSB and other 
wood-based laminated panel decking have to be determined 
analytically and/or experimentally. 
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Experimental characterisation of stiffness and strength 
Documented mean quality levels and grading of OSB 
often include one relevant structural property, namely, 
bending strengths and moduli measured from small-scale 
tests. Except for Poisson's ratio, experimental methods 
for the determination of the full structural properties 
relevant to the bending design of wood-based floor panels 
are now widely documented and should enable the 
determination of the characteristic values and modification 
factors for load duration and service class from tests of 
available OSB brands and grades. 
When subjected to concentrated loading, the additional 
panel properties required are the bearing strength, 
punching shear capacity and combined punching shear and 
bending capacity. Tests methods for the determination of 
bearing strength are well documented. A small-scale method 
developed by TRADA in 1984 simulates a punching shear 
stress field. Experimental characterisation of the effect 
of moment on the punching shear capacity in wood-based 
decking is in its infancy. Full-scale tests are desired 
for characterisation of this interaction. These tests can 
be adapted to provide data for validation of the 
orthotropic plate bending finite element model and the 
analytical effective width. 
65 
CHAPTER 3 
TESTS FOR DETERMINATION OF PROPERTIES OF OSB 
3.1 INTRODUCTION 
The literature survey has showed that for the design 
of floor decking under concentrated load, the principal 
structural properties required are the bending, panel and 
planar strengths and moduli together with Poisson's ratio 
and the punching shear strength. This chapter describes 
the short-term small-scale tests undertaken in order to 
characterise these properties for a typical OSB board. 
The bending, punching shear, Poisson's ratio and beam 
shear (transverse) modulus tests were carried out by the 
author at the University of Surrey. As stated in Section 
1.1, the work in this Chapter was part of the CEN test 
programme for the determination of the structural 
properties of OSB. In accordance with this programme, the 
planar and panel shear strengths and moduli tests were 
carried out at Centre Technique du Bois et de l'Ameublement 
(CTBA) whilst creep tests were done at the Building 
Research Establishment (BRE). 
This investigation covers 15 and 18 mm thick OSB 
boards which are commonly used in domestic floors. The 
four distinct phases in the characterisation process are 
the selection of the test boards; marking out, cutting up 
and conditioning of the test pieces; testing; and the 
calculation of the properties. 
The measured properties are to be used for 
verification of the analytical model of plate bending 
behaviour (Chapter 5) and derivation of characteristic 
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values (Chapter 6) . Creep data on the effect of load 
duration on the properties are to be used to determine the 
design values for use in a design calculation method to be 
developed for concentrated loading (Chapter 6). 
3.2 ORIENTED STRAND BOARD 
Oriented strand board can be described as a three- 
layered board made from tangentially cut wood strands of 
predetermined shape and thickness, which are coated with 
synthetic resin, oriented, laid up into layers and then 
pressed. The resin is usually powdered phenol 
formaldehyde, in an amount equivalent to 2-2.50-. of the 
dry weight of the board. Some manufacturers use liquid 
resin. Additives are commonly included for preservative, 
fire retardance, and dimensional stability purposes. 
The surface of the strand is characteristically 
rectangular, about 40 - 70 mm long and 15 - 30 mm wide, 
while the thickness is between 0.4 and 0.6 mm. 
A distinctive feature of OSB is the alignment of the 
strands. The grain directions of the strands in the 
external and centre layers are generally parallel and 
perpendicular respectively to the longitudinal axis of the 
board. Some producers align the strands in the external 
layers only, with those at the centre being randomly 
placed. Symmetry of the board about the middle plane is 
standard practice. 
By varying relative layer thickness, resin content, 
degree of strand orientation and applied pressing pressure 
it is possible to control the finished board performance. 
The ratio of mechanical properties in the longitudinal to 
transverse directions can be as high as 3.5: 1 or as low as 
1.2 : 1. 
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Sanded and unsanded OS3 with 
mm are mainly manufactured. 
dimensions of the boards are 2400 
2400 mm x 600 mm, with the long( 
face grain direction. Boards 
produced to special order. 
thicknesses from 6 to 25 
The standard surface 
mm x 1200 mm and 
er edges parallel to the 
of other sizes can be 
3.3 SELECTION AND PREPARATION OF TEST PIECES 
3.3.1 Board type and construction 
Ideally, the samples tested should be representative 
of the OSB brands in use. However, characterisation of 
more than a single brand of OSB board was deemed to be 
expensive in terms of time and cost, especially the 
necessary organisation and number of tests. Selection was 
restricted to a single brand. 
Sterling board, which is widely available in the 
United Kingdom, was selected for this research. It is 
manufactured in Inverness, Scotland by Norbord-Highland 
Ltd., formerly Highland Forest Products Ltd. Apart from 
being available nationwide, other reasons for its selection 
are the board's satisfactory performance since the start of 
its production and its anticipated end-use as a heavy-duty 
flooring board. 
Sterling board is made from Scots Pine wood strands 
which are bonded with phenolic resin. It is a three- 
layered board. The grain direction of the surface layers 
is perpendicular to that of the centre layer. 15 and 18 mm 
thick unsanded (both faces) square-edged Sterling boards 
were selected for investigation because of their popularity 
in domestic and light duty office floor decking. 
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3.3.2 Sampling of board 
The number and size of the test pieces for the bending 
tests were finalised early in the research work, at which 
time the rest of the programme of work was at its infancy. 
In order to ensure early commencement of the tests, it was 
decided that sampling of the boards be carried out in two 
stages. 
The first sample was for the determination of the 
bending properties. This sample was part of the CEN test 
programme for determination of mechanical properties of 
OSB. Selection of the sample was made at the Sterling 
board production site at Inverness, Scotland. The 
selection procedure was in accordance with prEN 112.406. 
1991: "Wood-based panels: Determination of characteristic 
values of mechanical properties and density". According to 
this standard, a panel is randomly selected at each of four 
sampling periods which are 30 minutes apart and in each of 
four consecutive production runs to give a total of 16 
panels. The surface area of the panels was 4800 mm x 
2400 mm. 
Each of the selected panels was marked, cut into 
quarter and labelled according to sampling time and 
intended use. Three of the four 2400 mm x 1200 mm panels 
were randomly selected. one of the three selected panels 
was allocated to the bending test, whilst the other two 
were allocated to shear and creep tests. The fourth panel 
was held in reserve. 
The second sample was for Poisson's ratio, beam shear 
modulus and small- and large-scale concentrated load tests . 
A beam shear modulus test was included for investigative 
purpose and for comparison with planar shear test results 
from Centre Technique du Bois et de l'Ameublement (CTBA) 
(Section 3.1). Poisson's ratio and the beam shear modulus 
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tests were planned for the 18 mm thick panel only. This 
sample consisted of twenty-four 2400 mm x 1200 mm panels. 
Six were 15 mm, thick and eighteen were 18 mm thick. The 
panels were supplied by Norbord-Highland Ltd. They were 
considered to be representative of normal production but 
were not specially sampled. 
3.3.3 Selection and number of test pieces 
Each sheet of both samples was numbered sequentially. 
In order to reduce to a minimum the bias in the selection, 
the test pieces for each property and direction (where 
applicable) were cut from different positions in different 
sheets. A typical cutting plan for the for the first 
sample is shown in Appendix 1. An alpha-numeric label 
reflecting the type of test, thickness and the test piece 
serial number was marked on the surface of each test piece - 
The face grain direction of the source board was also 
marked on the face of the test piece. The test pieces f rom 
the first and second samples were cut at Norbord-Highland 
Ltd and the civil engineering departments's structures 
laboratory respectively. 
The size of the test pieces for each property complies 
with the relevant code, where applicable. A summary of the 
test method, size and number of test pieces is given in 
Table 3.1. 
3.3.4 Conditioning 
OSB is not recommended for use in permanently damped 
conditions or where there is risk of continuous wetting in 
service, unless effectively treated with a suitable 
preservative. The main structural applications of OSB are 
in buildings with heating which are protected from damp 
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conditions. The moisture content of oriented strand boards 
in buildings with full or intermittent central heating is 
estimated to lie between 7 and 100-. (UKIPA, 1991) . This 
level of moisture content is attained in a 200C and 6501 RH 
environment (UKIPA, 1991) It corresponds to service class 
1 of the European standard for the design of timber 
structures, EC5. This conditioning environment was adopted 
in this study. All the test pieces except the bending test 
pieces were conditioned at this environment through 
moisture adsorption. 
Table 3.1 Method of test and size and number of test pieces 
Test Method of test Surface dimensions of 
test piece (mm) 
Total 
number of 
test pieces 
15 mm 18 mm 
thickness thickness 
Bending EN 789: 1992 900 x 300 1000 x 300 64 
Punching shear BS 5669: Part 1 1989 325 x 325 325 x 325 48 
Panel shear EN 789: 1992 600 x 500 600 x 500 64 
Planar shear EN 789: 1992 225 x 100 225 x 100 64 
Beam shear modulus Non-Standard Variable, 40 
125 x 50 to 
400 x 50 
Poisson's ratio Non-Standard 1200 x 250 16 
Density EN 323: 1991 100 x 100 100 x 100 12 
Moisture content EN 322: 1991 100 x 100 100 x 100 12 
The bending test pieces were initially conditioned at 
20 OC and 850-. RH (same condition as that for the derivation 
of the characteristic values of C5 wood chipboard in BS 
5268) . Then, they were taken 
through a moisture desorption 
path until equilibrium moisture condition at 200C and 65-06 
RH was attained. 
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The conditioning process required the test pieces for 
each property to be uniformly distributed in a conditioning 
chamber until equilibrium moisture content was achieved on 
attainment of constant weight. As the final equilibrium 
moisture content of the boards was not initially known, the 
BS 5669: Part 1 1989 (and also EN 322) approach to end 
point determination was adopted. Six test pieces were 
selected to study the moisture content changes. A test 
piece was considered to have reached equilibrium (with the 
chamber conditions) when the changes in the mass of two 
successive weighing operations, carried out at an interval 
of 24 hours, did not differ by more than 0.1 '1 of the mass 
of the test piece. 
3.4 BENDING PROPERTIES 
3.4.1 Method 
The bending test method adopted was that in EN 789: 
1992 "Determination of mechanical properties of wood-based 
sheet material for structural purposes". This is a four- 
point bending test on spans comparable to those of wood- 
based decks in service. The distance between the supports 
are 780 and 876 mm for the 15 and 18 mm thick test pieces 
respectively. The width of the test pieces is 300 mm. A 
schematic of the test arrangement is shown in Fig 3.1. 
ow-A 
300 
Section A-A 
Dimensions in millimetres 
Fig 3.1 Schematic of the four-point bending test in EN 789 
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Pure and constant moment are simulated within the 
central loading span (300 mm) and the gauge length (250 
mm) . The bending modulus 
is determined f rom a plot of load 
versus deflection at the centre of the gauge length. The 
bending strength is calculated from the maximum load. 
3.4.2 Apparatus and procedure 
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Apparatus 
The load was applied from a Type 120 Satec mechanical 
testing machine. The calibrated load sensing device was a 
load cell measuring to the nearest 0.01 N. Two linear 
variable differential transducers (LVDTs) which were 
previously calibrated by slip gauges were used to measure 
the central deflection of the gauge length. The LVDTs 
measured the deflections to the nearest 0.01 mm. General 
and close-up views of the four point loading arrangement 
used are shown in Fig 3.2. The load and reactive forces 
were applied through 30 mm diameter rollers. The machine 
load, load cell and LVDTs readings were continually 
recorded in a data logger and computer. 
Procedure 
EN 789 requires that the rate of loading shall be 
adjusted so that the maximum load is reached within 
(300 + 120) seconds. Trial tests were carried out to 
establish a suitable starting value of machine crosshead 
speed for each thickness and principal direction in order 
to meet the loading duration requirement. Estimates of the 
maximum deflection and load were also obtained from the 
trial tests. 
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Fig 3.2 General and close-up views of the bending test arrangement 
with LVDTs in position 
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Machine crosshead speeds of 7.5 and 12.5 mm/minute for 
the major and minor axes parallel to the span respectively 
were found to be satisfactory for both 15 and 18 mm thick 
test pieces. 
The tests were done in a number of sessions. Each 
session involved putting six conditioned test pieces in a 
polythene sack and testing them in turn. A trial test 
established of the moisture retention capability of the 
polythene sack. 
The results showed that the moisture content change of 
the test pieces did not dif f er by more than 0. li of the 
mass of the test piece (as required in EN 322) if they were 
tested within 2 hours. Therefore, each test session was 
limited to a maximum duration of two hours. 
Prior to testing, width and thickness measurements 
were made on each test piece. The load was applied at a 
constant rate of crosshead movement throughout the test. 
As the transducers readings were mainly required for 
determination of the elastic stiffness (which are 
calculated from readings up to 40*-. of maximum load), they 
were removed at a load of about 609'. - of the estimated 
maximum load, in order to avoid instrument damage at 
rupture of the test piece. The machine crosshead 
displacement and the applied load were continually recorded 
until rupture of the test piece. 
Moisture content and density 
Moisture content and density tests were carried out in 
order to provide basic information on the physical 
properties of the boards. The moisture content and density 
tests were conducted in accordance with EN 322: 1991 and EN 
323: 1991 respectively. The tests were carried out on test 
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piece 100 mm square x board thickness, which were cut from 
bending test pieces immediately after the latter had been 
tested. 
3.4.3 Results 
At low loads, the behaviour is linearly elastic. 
Typical load versus central deflection (of gauge length) 
and load versus crosshead displacement curves are shown in 
Figs 3.3 to 3.6. The minimum and maximum curves are the 
load-deflection curves corresponding to the minimum and 
maximum strengths and moduli as appropriate. The mean 
load-deflection curve is the portion of the mean load- 
deflection curve contributed by the 16 test pieces in each 
test series. 
The stress state in the thickness of the test piece is 
a combination of compression and tension parallel and 
perpendicular to the grain of the fibres. This essentially 
determines the progressive failure mechanism. As the load 
increases, the failure of the fibres in compression and/or 
tension is eventually reflected in a general unstiffening 
of the test piece. From the load versus crosshead 
displacement curves, non-linearity appears to commence at 
about 60% of the maximum load. As compression failure is 
a slow yielding process, failure is deemed to coincide with 
the exhaustion of the flexural tension strength. The sharp 
and sudden nature of the collapse was typical of tension 
failure. The ruptured sections were within the gauge 
length (zone of pure bending). This was another evidence 
that failure was by flexure. The strength and bending 
modulus of elasticity in the major and minor axes are 
summarised in Tables 3.2 and 3.3. 
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Fig 3.3 Typical load-deflection curves for major axis bending 
of 15 mm thick board 
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Fig 3.4 Typical load-deflection curves for minor axis bending 
of 15 mm thick board 
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Fig 3.5 Typical load-deflection curves for major axis bending 
of 18 mm thick board 
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Table 3.2 Bending strength and modulus of elasticity -15 mm nominal thickness 
Adsorption to 85% RH and desorption to 65% RH at 20'C 
major axis Minor axis 
Test Test 
piece 
piece 
Thick- Width Max. Strength MOE Thick- Width Max. Strength MOE 
ness load crý Ex ness load CY E y 
(mm) (mm) (N) (N/MM2) (N/MM2) (mm) (mm) (N) (N/mm2) (NIMM2) 
F15A1 16.25 301.3 2163 19.57 4560 F15B1 16.01 301.2 1127 10.51 1609 
F15A2 16.34 30I. S 2187 19. S7 4952 F15B2 16.29 301.3 1364 12.29 1840 
F15A3 16.27 301.5 2048 18.48 4860 F15B3 16.17 301.6 1276 11.66 1649 
F15A4 16.85 301.2 2661 22.39 5500 F15B4 16.93 301.1 1430 11.93 1810 
F15A5 16.58 301.2 2373 20.63 4787 F15B5 17.03 301.1 1507 12.43 1910 
F15A6 16.44 301.6 1959 17.30 4422 F15B6 16.48 301.6 1253 11.02 1734 
F15A7 16.41 301.5 2189 19.41 4941 F15B7 16.96 301.4 1442 11.98 1910 
F15A8 16.72 301.2 2378 20.33 4732 F15B8 17.14 301.3 1540 12.52 1804 
F15A9 16.64 300.9 2447 21.14 4933 F15B9 17.11 300.9 1069 8.74 1360 
F15A10 16.71 301.4 2281 19.51 4868 F15B10 16.98 301.3 1417 11.75 1690 
F15A11 16.69 301.8 2246 19.23 4761 F15B11 16.18 301.4 1224 11.17 1898 
F15A12 16 . 82 301.1 2308 19.51 4346 F15B12 16.72 301.1 1591 13.62 1871 
F15A13 15.77 301.1 2040 19.61 4688 F15B13 16.66 301.2 1193 10.28 1463 
F15A14 16.96 301.8 2279 18.90 4515 F15B14 16.14 301.1 1144 10.49 1642 
FlSA15 16 AS 301 .6 2088 17.56 4046 F15B15 16.67 301.3 1491 12.82 1896 
F15A16 17.39 301.3 2102 16.61 3912 F15B16 16.84 300.7 1278 10.79 2016 
Mean 16.61 301.4 2234 19.36 4676 Mean 16.64 301.2 1334 11.50 1756 
STD 0.36 0.30 172 1.40 348 STD 0.37 0.20 IS5 1.1s 172 
Cov M 2 . 17 1 
0.10 
1 
7.70 
1 
7.23 
1 
7.44 
1 
COV (! k) 2.22 
1 
0.10 
1 
11.61 
1 
10.00 
1 
9.79 
1 
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Table 3.3 Bending strength and modulus of elasticity -18 mm nominal thickness 
Adsorption to 85% RH and desorption to 65% RH at 20'C 
major axis Minor axis 
Test Test 
piece 
piece 
Thick- Width Max. Strength MOE Thick- Width Max. Strength MOE 
ness load (YX Eý ness load cry Ey 
(mm) (mm) (N) (N/MM2) (N/MM2) (mm) (mm) (N) (N/mm) (N/mm2) 
F18A1 19.29 301.1 2353 18.14 4262 F18B1 20.15 301.2 1143 8.08 1317 
F18A2 19.60 301.4 2302 17.18 4249 F18B2 19.18 300.8 1200 9.37 1S18 
F18A3 19.34 301.7 2438 18.66 4566 F18B3 18.90 301.0 1336 10.74 1570 
F18A4 19.92 301.1 3118 22.56 5219 F18B4 19.83 300.9 1493 10.91 1446 
F18A5 19.23 301.5 2409 18.66 4696 F18B5 19.79 301.1 13S1 9.90 1541 
F18A6 19.43 301. S 2515 19.08 5004 F18B6 19.14 300.6 1456 11.43 1757 
F18A7 20.31 301.5 2489 17.29 4812 F18B7 20.18 300.8 1416 9.99 1738 
F18A8 20.38 301.5 2208 15.24 4156 F18B8 20.85 300.7 1271 8.40 1383 
F18A9 19.84 301.3 3007 21.90 5440 F18B9 20.08 300.9 1544 10.99 1845 
F18A10 20.01 301.2 2823 20.23 4810 F18BIO 20.07 300.8 1720 12.27 1786 
F18A11 20.52 301.5 3158 21.49 4875 F18B11 20.08 301.2 1769 12. S9 1918 
F18A12 20.21 301.1 2587 18.17 4343 F18B12 20.09 301.7 1908 13.54 1915 
F18A13 19.76 301.1 2288 16.82 4499 F18B13 19.68 301.2 1345 9.96 1608 
F18A14 20.52 301 .0 2741 18.69 4783 F18B14 19.88 300.9 1500 10.90 17S5 
F18A15 20.15 301.7 2941 20.74 4984 F18B15 19.46 301.0 1694 12.84 2290 
FlBA16 19.37 301 .0 2591 19.82 4839 F18B16 19.03 300.5 1658 13.17 
2096 
Mean 19.87 301.3 2623 19.04 4721 Mean 19.77 309.6 1488 10.94 1718 
STD 0.44 0.2 296 1.93 348 STD 0.50 0.3 209 1.58 253 
Cov M 2.21 
1 
0.10 
1 
11.3 
1 
10.14 
1 
7.37 
1 
COV 06) 2.53 
1 
0.10 
1 
14.04 
1 
14.44 14.72 
1 
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Correction for moisture cycling (hysteresis) effect 
It was mentioned under Section 3.3.4 "Conditioning", 
that the bending test pieces were initially conditioned at 
85% RH and later at 65-0, - RH. Such a conditioning path 
results in a much higher equilibrium moisture content 
(hysteresis effect) in the test pieces than a direct 
moisture adsorption to 65% RH (Illston et al, 1979). The 
density and moisture content of the bending test pieces are 
presented in Table 3.4. Strength and stiffness depend on 
the moisture content. The moisture content in the bending 
test pieces will overestimate the equilibrium moisture 
content required, which is that for test pieces subjected 
to direct moisture adsorption to 65% RH. Therefore, 
moisture content correction is required on the measured 
bending properties. When the moisture content is below the 
fibre saturation point, the simplified correction, 
according to ASCE (1975) and ASTM Standards V01.04.09 
(ASTM, 1992) is of the form 
si S2+ B(M-M 1 2) (3.1) 
where S, = Property at moisture content 1 
S2= Property at moisture content 2 
M, = Moisture content 1M2= Moisture content 2 
B= Coefficient of moisture effect for property 
In order to correct the results obtained from the 
bending test pieces for moisture effect, tests were carried 
out by Griffiths and Wickens (1994) on bending test pieces 
conditioned at humidities from 65% to 850i RH. This enabled 
the derivation of strength-moisture content and modulus- 
moisture content relationships. The results of the bending 
tests for the 15 and 18 mm thick boards are shown in 
Appendix 1. The tests were limited to major axis bending 
properties. The coefficient of moisture effect, B, for 
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2 
strength was 1.074 N mm per percentage decrease in 
moisture content. The value of B for modulus of elasticity 
was found to be 260 N/mm 2 per percentage decrease in 
moisture content. 
The density and moisture content of the bending test 
pieces are given in Table 3.4. In order to determine the 
necessary moisture correction to the bending properties, 
six 100-mm. square test pieces were prepared for both 
thicknesses. They were conditioned at 650-. RH for the 
determination of the density and moisture content (Table 
3.5). From Tables 3.4 and 3.5 the difference in moisture 
contents for the 15 mm thick test pieces is 1.800-o. For the 
18 mm thick test piece the difference in moisture contents 
is 2.020-.. 
These moisture contents enabled the corrections to the 
bending properties to be calculated. By using equation 
3.1, the modified major axis strength (mean) of the 15 mm 
thick board is 
19.36 + 1.074 x decrease in moisture content M 
19.36 + 1.074 x 1.8 = 21.29 
N/MM2 
The modified major axis modulus of the 15 mm thick board is 
4676 + 260 x decrease in moisture content M 
4676 + 260 x 1.8 = 5144 
N/MM2 
The percentage increase in strength and modulus is 10% 
(coincidental) This percentage increase was assumed to be 
applicable to the minor axis modulus and strength and the 
standard deviations. For example, the modified minor axis 
strength, fy = 11.50 x 1.1 = 12.65 N/MM2. A similar 
procedure was used for adjusting the properties of the 18 
mm thick test pieces. In this case the difference in 
moisture contents is 2.02-06. A summary of the adjusted 
bending properties is given in Table 3.6. A discussion of 
these results (and the others in this chapter) is presented 
Section 3.8. 
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Table 3.4 Density and moisture content of bending test pieces 
Adsorption to 85% RH and desorption to 65% RH at 200c 
15 mm nominal thickness 
1 
18 mm nominal thickness 
Test 
piece 
Density 
(kg/ M3) 
Moisture 
content 
Test 
piece 
Density 
(kg/m3) 
Moisture 
content 
DMF15A1 645 10.46 DMF18A3 652 11.87 
DMF15A6 61S 10.38 DMF18AB 654 10.68 
DMF15B2 663 10.65 DMF18BI 668 11.55 
DMF15B6 620 10.46 DMF18B16 627 10.48 
Mean 636 10.49 Mean 650 11.15 
Table 3.5 Density and moisture content 
Adsorption to 65% RH at 20*C 
15 mm nominal thickness 
1 
18 mm nominal thickness 
Test 
piece 
Density 
(kg /M3) 
Moisture 
content 
00 
Test piece Density 
(kg /m3) 
Moisture 
content 
( ?6) 
DM15H1 616 8.42 DM18J1 638 9.36 
DM15H2 618 8.54 DM18J2 632 8.94 
DM15H3 630 8.80 DM18J3 659 9.46 
DM15H4 638 8.60 DM18J4 648 8.76 
DM15H5 645 9.11 DM18J5 651 8.95 
DMlSH6 595 8.68 DM18J6 625 9.33 
Mean 623 8.69 Mean 642 9.13 
Table 3.6 Bending strength and modulus of elasticity (adjusted for 
moisture content) Adsorption to 65% RH at 20'C 
Value 
15 mm nominal thickness 
1 
18 mm nominal thickness 
Mean 
STD 
cov (%ý) 
MOE (NI MM2) 
Major Minor 
5144 1932 
383 189 
7.44 9.79 
Strength (NI MM2) 
Major Minor 
21.29 12.65 
1.54 1.265 
7.23 10.00 
MOE (N/MM2) 
Major Minor 
5246 1907 
388 281 
7.37 14.72 
Strength (N/mm 2) 
Major Minor 
21.21 12.19 
2.15 1.76 
10.14 14.44 
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3.5 PUNCHING SHEAR PROPERTIES 
3.5.1 Method 
The test method adopted for determining the punching 
shear strength was developed by the Timber Research and 
Development Association (TRADA) in 1983. It was adopted as 
a standard test method in the 1989 edition of BS 5669. 
The principle of the test is that a load is applied to 
the centre of the surface of a rigidly supported test piece 
via a loading head of specified area until maximum load is 
reached. The test minimizes bending so that effectively 3- 
dimensional shear- compression resistance is characterized. 
A schematic of the test rig is shown in Fig 3.7. The 
recommended minimum side length of the square test piece is 
6T + 125 mm, where T is the nominal board thickness in 
millimetres. The test piece is supported on a steel plate 
which has a central circular aperture of diameter 6T + 50 
mm. The circular aperture simulates the symmetrical 
character of the crack pattern, minimizes plate bending and 
avoids stress concentration associated with corners. The 
expression for the size of the central circular aperture on 
the steel plate is based on the size of the circular 
failure surface obtained from tests of various brands and 
grades of wood chipboard. The adequacy of the central 
circular aperture in the support plate for orthotropic 
panels, including OSB is not fully established. One of the 
acceptance criteria for the method to OSB will be whether 
the typical fan crack pattern occurs within the plate's 
central aperture. 
The test method is designed for circular load 
applicators of 25 and 50 mm diameters. These are regarded 
as the near minimum or characteristic sizes of the support 
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of items of furniture or equipment in domestic and light- 
duty office floors. 
3.5.2 Apparatus and procedure 
48 tests pieces, 325 mm square x thickness were tested 
in order to characterize the punching shear behaviour, 
capacity and mode of failure. The 15 and 18 mm thick test 
pieces were supported on 325 mm, square steel support plates 
which have central aperture diameters of 140 and 160 mm 
respectively. 25 and 50 mm diameter load applicators were 
used in the investigation. A general view of the test set- 
up is shown in Fig 3.8. 
The load was applied continuously via a punch at the 
centre of the test piece. The machine crosshead speeds 
which satisfied the requirement that the maximum load is 
reached within 90+45 seconds were 3.3 and 3.8 mm/min for 
tests with the 25 and 50 mm diameter punches respectively. 
The vertical displacement of the top surface of the test 
piece was equal to the machine crosshead displacement. The 
latter was monitored by a linear transducer with an 
accuracy of 0.01 mm. 
BS 5669 requires that the load be gradually applied 
until maximum load is reached. Only slight indentation 
into the top face was observed at maximum load. 
Preliminary tests found that the characteristic punching 
shear crack pattern at the bottom surface of the test piece 
occurs about six to eight minutes after the attainment of 
maximum load, at which stage the load capacity has dropped 
to between 0.5 and 2 kN. 
Frequently, it is helpful to relate the punching shear 
stress and design method to the failure surface. At least 
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çS 
A 
Min. mufn th, ckness 
t/30 
All d-'eý,, oýs ,, n 
Fig 3.7 Schematic of the punching shear test rig 
Fig 3.8 General view of punching shear test arrangement 
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half of the total number of tests pieces were continuously 
loaded until cracks occurred on the bottom surfaces. After 
the tests, the major and minor diameters of the elliptical 
fan crack at the underside of the test piece were measured. 
3.5.3 Results 
The stress state at sections in the immediate vicinity 
of the loaded area is principally a combination of 
compression stress perpendicular to the plane of the board 
and transverse shear stress. The test piece is therefore 
under combined loading. Whereas the peak compression 
stress occurs at the top surface of the test piece, the 
peak shear stress occurs in the thickness of the test 
piece. This combined stress field could lead to bearing or 
punching shear, combined bearing and punching shear and 
even progressive failure. The behaviour under 25 and 50 mm 
diameter concentrated loads is outlined in the rest of this 
section. The load-deflection curves obtained are shown in 
Figs 3.9 to 3.11. 
25 mm diameter punch 
Up to a load of about 15'-. of the maximum load, the 
behaviour is nonlinear. This may be mainly associated with 
the initial surface compression of the test piece and 
settling down at the support. The ensuing load-deflection 
behaviour is linear up to a load of about 800-o of the 
maximum load (Figs 3.9 to 3.10) . Thereafter, gradual 
unstiffening of the test piece occurs until maximum load. 
Indentation into the test piece was observed at about 
maximum load (bearing failure), followed by the initiation 
of cracks at the test piece-punch interface. The cracks 
gradually spread outwards through the thickness (shear 
failure). The gradual exhaustion of the shear resistance 
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is believed to gradually change the load support path to 
bending and tension perpendicular to the plane of the board 
before eventual rupture (Soothill, 1983). The progressive 
rupture mechanism can be summarized as bearing, shear and 
combined bending and tension perpendicular to the plane of 
the board. A summary of the punching shear capacities of 
the 15 and 18 mm thick boards is given in Table 3.7. The 
mean capacities of the 15 and 18 mm thick boards are 4.99 
and 6.04 kN respectively. 
Table 3.7 Punching shear capacity under 25 mm diameter punch 
15 mm nominal thickness 
1 1 
18 mm nominal thickness 
Thick- Max. Diameter of Thick- Max. Diameter of 
Test ness load elliptical Test ness load elliptical 
piece failure surface piece failure surface 
(mm) (kN) (mm) (mm) (kN) (mm) 
Major Minor Major Minor 
1P2515 15.52 5.19 132.3 97.3 1P2518 18.10 6.07 140.1 87.3 
2P2515 15.16 4.71 130.4 99.7 2P2518 18.30 6.98 137.3 100.3 
3P2515 15.50 4.57 130.4 93.8 3P2518 18.09 6.33 140.3 122.8 
4P2515 15.61 5.70 125.3 106.0 4P2518 17.99 5.83 130.6 95.6 
5P2515 15.59 5.31 139.7 120.5 5P2518 18.10 6.70 135.4 102.2 
6P2515 15.62 5.66 136.1 103.7 6P2518 18.30 7.21 138.9 110.7 
7P2515 15.79 4.31 138.0 102.3 7P2518 17.65 6.24 150.0 108.9 
8P2515 14.94 4.60 122.2 97.4 BP2518 18.63 5.53 156.8 116.1 
9P2515 16.30 5.67 - - 9P2518 19.01 6.18 - - 
1OP2515 16.25 5.43 - - 1OP2518 18.77 6.24 - - 
11P2515 16.50 5.07 - - 11P2518 17.89 5.24 - - 
12P2515 16.30 4.05 - - 12P2518 18.11 5.42 - - 
13P2515 16.34 5.28 - - 13P2518 18.29 6.10 - - 
14P2515 16.15 4.87 - - 14P2518 19.11 5.14 - - 
15P2515 15.81 4.78 - - 15P2518 17.88 5.32 - - 
16P2515 15.93 4.53 - - 16P2518 18.05 6 . 04 - - 
Mean 15.83 4.99 131.8 102.6 Mean 18.27 6.04 141.2 105.5 
STD 0.44 0.49 5.7 7.7 STD 0.40 0.59 7.8 10.7 
COV M 2.78 9.84 1 4.3 
7.5 
1 
1 COV (U 
1 
2.19 
1 
9.77 
1 
5.5 
1 
10.1 
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la m 
Test to rupture max. 
mean 
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Deflection (mm) 
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%If 
02468 10 12 
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Fig 3.9 Punching shear test: typical load-deflection curves for 
15 mm thick board and 25 mm diameter punch 
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Fig 3.10 Punching shear test: typical load-deflection curves for 
18 mm thick board and 25 mm diameter punch 
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Fig 3.11 Punching shear test: typical load-deflection curves for 
18 mm thick board and 50 mm diameter punch 
The failure surface is defined by the circular loaded 
area at the top surface and the elliptical fan crack area 
at the bottom surface of the test piece (Fig 3.12) . Two 
wide radial cracks in the major and minor axes directions 
pass through the centre of the bottom surface of the test 
piece and terminate at the elliptical crack. The minor 
diameter of the elliptical crack surface is about two- 
thirds of the major diameter (Fig 3.13). 
50 mm diameter punch 
The load-def lection curve is characteristically linear 
up to about maximum load (Fig 3.11). Progressive bearing 
and shear failures associated with the gradual indentation 
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t7- 
-Oo 
15 mm nominal thickness 
25 mm diameter punch 
orw 
Fig 3.12 Typical elliptical fan crack pattern on bottom surface of test piece 
- ---- 
25 mm diameter punch 
Thickness (T) 
Maior axis 
Details of crack sizes 
Tcf 
15.47 6.9 5.0 
18.15 6.4 4.4 AV 
N------ 
-crack 
Fig 3.13 Simplified elliptical crack pattern on bottom surface of test piece 
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into the test piece by the punch led to decreasing capacity 
and eventually the rupture of the test piece. The mean 
capacities of the 15 and 18 mm thick boards are 6.78 and 
8.78 kN respectively. The full results are given in Table 
3.8. 
Two line cracks through the centre of the bottom 
surface and along the major and minor axes of the test 
piece typified the failure mode. However, these cracks 
were not bounded by an elliptical crack (cf. 25 mm. diameter 
punch test). The crack pattern is not regarded as typical 
of "pure punching shear". This suggests that the central 
apertures in the steel support plates are not large enough 
for the full development of the elliptical fan crack 
pattern at the underside of the test piece. In fact, the 
likelihood of this happening could be inferred from the 25 
mm diameter punch test results. In the latter tests, the 
difference between the major diameter of the elliptical 
crack and the diameter of the central aperture in the 
support plate is 20 mm whilst the difference between the 
diameters of the punches is 25 mm (Tables 3.7 and 3-8) - 
Therefore, the recommended span or the aperture in the 
steel plate appears to be inadequate for Sterling board. 
The manner of failure under the 25 and 50 mm diameter 
punches is characteristically ductile. After the 
attainment of maximum load, there is warning prior to 
rupture in the form of significant cracking and deflection. 
This post-maximum load resistance mechanism is of special 
significance in design. 
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Table 3.8 Punching shear capacity under 50 mm diameter punch 
15 mm nominal thickness 
11 
18 mm nominal ý-iickness 
Test Thick- Max. Diameter of Test Thick- Max. Diameter of 
piece ness load failure surface' piece ness load failure surface* 
(mm) (mm) 
(mm) (kN) (mm) (kN) 
Maj or minor I Major Minor 
1P5015 16.19 7.09 140.0 130.6 1P5018 17.79 9.00 160.0 157.3 
2PS015 16.49 6.77 140.0 131.0 2PS018 17.74 8.43 160.0 160.0 
3PS015 16.53 6.09 140.0 127.2 3P5018 18.91 8.47 160.0 160.0 
4P5015 16.58 6.96 140.0 136.9 4P5018 18.01 9.26 160.0 158.8 
5P5015 15.69 7.22 140.0 127.4 5P5018 18.07 9.10 160.0 150.3 
6P5015 15.86 7.10 140.0 140.0 6P5018 18.30 8.92 160.0 156.7 
7P5015 15.66 6.64 140.0 120.5 7P5018 18.01 8.62 160.0 160.0 
8P5015 15.98 6.36 140.0 129.4 8P5018 18.19 8.45 160.0 140.5 
Mean 16.12 6.78 - - Mean 18.13 8.78 - - 
STD 0.36 0.37 STD 0.34 0.31 
COV 06) 2.23 5.45 -1 
1 
COV (%ý) 1.88 3 . 53 
. Propagation of crack at underside restrained by steel support plate. 
3.6 PLANAR AND PANEL SHEAR PROPERTIES 
3.6.1 Method for beam shear modulus 
The transverse shear modulus was determined by a 
method commonly adopted for solid timber beams, for 
example, in ASTM D-198 (ASTM, (1992) and prEN 408 (1994). 
The principle of the method is that a simply supported 
structural member is loaded midway between the supports and 
readings of load versus midspan deflection are recorded. 
The applied load must be sufficient to provide a reliable 
estimate of the bending stiffness of the specimen but shall 
not exceed the proportional limit or bending capacity. The 
test procedure is repeated for at least four different 
spans. 
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The theoretical basis is that the total elastic 
deflection of a prismatic beam under centre-point load can 
be expressed in terms of the transverse shear modulus, G, 
and the apparent and true moduli of elasticity, Em, 
app and E 
respectively. The relevant expression is 
PL 3 PL 3+ PL 
48 Em, 
app 48EI 4 GYA 
(3.2) 
where A the sectional area of the beam and K is the shear 
coefficient that relates the effective transverse shear 
strain to the average shear stress at the section. The 
European Standard prEN 408 (1994) and ASTM Standards Vol 
04.09 (ASTM, 1992) assign a value of 0.833 to K for a beam 
of rectangular cross-section. For a beam of width, b, and 
depth, t, Equation 3.2 reduces to 
1--1 
Em, 
app 
E 
1 
KG (c) 
L 
(3.3) 
Hence, the slope of the line connecting multiple data 
points of 1/Em, app versus (t/L 
)2 is equal to 1/0.833G (1.2/G). 
The centre-point bending test is required to be 
carried out on at least four different spans. 
Approximately equal increments of (t/L 2 are recommended and 
the value of t/L shall be between 0.05 and 0.20. 
Significant transverse shear deflection occurs within this 
range of ratio of t/L. 
3.6.2 Apparatus and procedure for beam shear modulus test 
A centre-point bending test rig with adjustable span 
was used for this test. The investigation was confined to 
Sterling board of 18 mm nominal thickness. The selected 
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spans were 100,125,150,200 and 350 mm. These satisfied 
the requirements for approximately equal increments of 
(t/L 2 and t/L being between 0.05 and 0.20. In order to 
exclude plate action, the width/span ratios of the test 
pieces not exceeding 0.5 is recommended (ASTM, 1992) .A 
uniform width of 50 mm. achieved this requirement. For each 
span and direction, four test pieces were prepared and 
tested i. e. a total of 40 tests. 
The machine crosshead speed recommended should not be 
greater than 5X 10-5 L2 /6t mm/s (prEN 408). Trial tests 
determined suitable machine crosshead speeds (and the 
failure loads) for the test pieces. Crosshead speeds of 
0.27,0.43,0.62 and 0.75 mm/min were found to be suitable 
for the 100,125,150 and 200-mm span test pieces 
respectively. These were satisfactory for both major and 
minor bending moduli tests. For the 350-mm span test 
pieces, crosshead speeds of 1.4 and 2.2 mm/min were found 
to be suitable for the major and minor moduli tests 
respectively. 
The load was applied f rom a Satec loading machine with 
an accuracy of 0.01 N. The centre deflecýion was measured 
to the nearest 0.01 mm by a LVDT transducer which was 
previously calibrated by slip gauges. The load and 
deflection readings were continually recorded in a data 
logger and a computer. The maximum applied loads were 
limited to half the experimentally estimated failure loads - 
3.6.3 Beam shear modulus test results 
The load-deflection curves for each span and direction 
were typically linear. The plots for the 100 and 300-mm 
span test pieces are illustrated in Figs 3.14 and 3.15. 
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Fig 3.14 Beam shear modulus test: typical load-deflection curves 
for major axis parallel to span 
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Fig 3.15 Beam shear modulus test: typical load-deflection curves 
for minor axis parallel to span 
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The apparent modulus of elasticity, Em,,, Pp, of each test 
piece, is given by 6FL'/48I6w, where 6F/6w is the slope of 
the central two-thirds of the load-deflection curve. 
As the maximum applied load was about half the 
estimated failure load, the central two-thirds of the load- 
deflection curve corresponded to the part of the curve 
between 0.08F ax and 0.33F ax I where 
Fmax 'S the estimated 
f ailure load. The major and minor apparent moduli of 
elasticity of the test pieces are listed in 
Tables 3.9 and 10. 
Table 3.9 Em,. Pp 
for determination of major transverse shear modulus 
100 mm span 125 mm span 150 mm span 200 mm span 350 mm span 
Test E, ýPp Test 
Eý,. Pp Test Eý,. Pp Test E., Test Em, ýPp 
piece* piece piece piece piece 
(N/mm') (N/mm2) MM2) (NI (N/mm) MM2) (NI 
1sloo 1483 ls125 1850 Is150 2654 ls200 3640 ls350 4874 
(17.96) (19.13) (17.88) (17.89) (18.63) 
2slOO 1210 2s125 2104 2s150 2291 2s2OO 4395 2s350 5265 
(18.95) (18.33) (19.24) (18.04) (18.32) 
3slOO 1247 3s125 2215 3s150 2784 3s2OO 3619 3s350 5980 
(18.48) (17.66) (17.95) (19.55) (19.41) 
4slOO 1232 4s125 1818 4s150 2425 4s2OO 3539 4s350 5560 
(19.26) (19.09) (19.33) (18.98) (19.11) 
Average 
(18.58) 1293 (18.55) 1997 (18.60) 2539 (18.61) 3798 (18.88) 5420 
. Value in bracket is the thickness of the test piece. 
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Table 3.10 E,, app for 
determination of minor transverse shear modulus 
100 mm span 125 mm span 150 mm span 200 mm span 350 mm span 
Test E, ýPp Test 
E, ýPp Test 
2.1 
app Test E,,,, -, p Test E, ýPp 
piece' piece piece piece piece 
2 (N/mm') 
2 (N/mm MM2) (NI /MM2) N MM2) (NI 
lwloo 944 lw125 1173 lW150 1644 lw200 1890 lw350 2598 
(18.68) (18.28) (19.65) (18.74) (18.76) 
2wlOO 671 2w125 1436 2w150 1366 2w2OO 2062 2w350 2204 
(19.55) (18.92) (19.12) (19.53) (18.49) 
3wlOO 85S 3w125 1089 3wlSO 1SI8 3w2OO 1514 3w350 2371 
(18.23) (19.38) (18.75) (18.43) (18.23) 
4wlOO 858 4w125 1126 4w150 1665 4w2OO 1722 4w350 1894 
(18.20) (18.13) (18.58) (18.44) (19.45) 
Average 
(18.66) 832 (18.68) 1206 (19.03) 1548 (18.73) 1797 (18.73) 2267 
. Value in bracket is the thickness of the test piece. 
The shear modulus was determined by plotting 1/Em,, Pp 
versus (t/L 
)2 for the major and minor moduli of each span 
(Fig 3.16). The slope of the line of best fit through the 
plotted points, k, is equal to 1.2/G. Thus, the transverse 
shear modulus, G is equal to 1.2/k. The values of k for 
the major and minor shear moduli are 186.85 X 
10-4 MM2 IN and 
236.53 X 10-4 MM2 IN respectively. The corresponding major 
and minor transverse shear moduli, G., and Gy,,, are 64.22 and 
50.73 N /MM2 respectively. 
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Fig 3.16 Beam shear modulus test: I /E m, app VS 
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3.6.4 Other shear test results 
The Centre Technique du Bois et de l'Ameublement, 
Paris, France, has determined the planar and panel shear 
properties of Sterling board (CTBA, 1994) - The test pieces 
were cut from the same sample used for the bending tests. 
The test methods and procedures were in accordance with EN 
789: 1992. The test pieces were conditioned in a 200C and 
650-. RH environment. 
Planar shear 
The principle of the planar shear test method is that 
a rectangular test piece is loaded through steel plates 
bonded to both faces of the test piece with an adhesive 
sufficiently rigid to prevent contribution of adhesive 
creep to the measured deformation. One end of each plate 
is provided with a knife edge projecting about 6 mm beyond 
one end of the test piece, whilst the other end of the 
plate is flush with the other end of the test piece (see 
Fig 2.4). 
The load is applied through V-blocks so that it is 
uniformly distributed along the knife edge. The V-blocks 
are vertically positioned in the machine, one above the 
other, causing the applied compression forces to the test 
piece to act parallel to the axis of the machine. A 
suitable gauge measures the slip between the plates due to 
test piece deformation. 
A total of 64 tests (16 for each thickness and 
principal direction) were carried out on 15 and 18 mm thick 
Sterling boards. A summary of the results is given in 
Table 3.11. The detailed results are given in Appendix 2. 
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Planar shear tests on Sterling boards test pieces, 415 
mm long x 150 mm wide, conditioned in a 201C and 650-oRH 
environment have been conducted at TRADA (TRADA, 1990b) . 
The tests determined the major planar shear strength and 
stiffness of 15 and 18 mm thick boards, in accordance with 
CEN/TC124/WG1/N47 (1989), the forerunner to EN 789. The 
results are shown in Table 3.12. 
The research and materials testing institute, 
Forschungs-und Materialprafungsanstalt of Stuttgart, 
Germany, has carried out planar shear tests on 15 and 18 mm 
thick Sterling boards, which were conditioned at 200C and 
650-. RH (FMPA, 1994). The tests were in accordance with EN 
789. The result for any test piece that failed wholly or 
partially in the bond between the test piece and metal 
plates is rejected. A summary of the results including the 
planar shear strengths is given in Table 3.12. 
Panel shear 
The two-rail test of EN 789 was adopted in the 
derivation of the panel shear properties at Centre 
Technique du Bois et de l'Ameublement (CTBA). The 
principle of the test is that the test piece, 600 mm, long 
by 500 mm wide, is loaded through heavy steel or timber 
rails bounding the long edges only. The rails are spaced 
200 mm apart (see Fig 2.3) . The short ends of the test 
piece are not loaded or restrained. The load is applied so 
that the resultant of the forces to the rails is a single 
force acting along the longitudinal axis of the test piece. 
The loading is such that the moment is zero about midway 
between the rails and increases slightly as the rails are 
approached. The central two-thirds of the shear area is 
subjected to nearly constant shear stress, which falls to 
zero at the ends. Maximum shear strength is determined 
from the maximum load. The panel shear modulus is computed 
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from the measurement of strain along the compression 
diagonal through the centre of the test piece. 
16 tests were carried out for each principal direction 
of the 15 and 18 mm thick Sterling boards at the Centre 
Technique du Bois et de l'Ameublement (CTBA, 1994) . The 
conditioning environment was 200C and 65% RH. A summary of 
the results is given in Table 3.11. The detailed results 
are given in Appendix 2. 
Panel shear tests of 15 and 18 mm thick Sterling 
boards conditioned at 200C and 65% RH and in accordance EN 
789, have been also carried out at FMPA (1994) . The 
results are presented in Table 3.12. A discussion of these 
results is presented in Section 3.8. 
Table 3.11 Panel and planar shear moduli and strengths (CTBA, 1994) 
Property 15 mm nominal thickness 18 mm nominal thickness 
MOE (NI MM2) strength (N/MM2) MOE (NI MM2) Strength (NI MM2) 
Major 
I 
Minor Major 
I 
Minor Major 
I 
Minor Major 
I 
Minor 
Panel shear 
Mean 1082.46 1179.90 8.19 8.53 1176.00 1297.00 8.18 7.90 
STD 89.18 123.65 0.79 1.12 142.55 145.50 0.71 0.94 
cov (%; ) 8.24 10.48 9.65 13.13 12.12 11.22 8.68 11.90 
Planar shear 
Mean 79.01 56.30 2.06 1.78 71.98 59.62 1.72 1.56 
STD 29.28 23.81 0.27 0.27 10.44 13.61 0.21 0.29 
cov Ok) 37.06 42.30 13.11 15.17 28.40 22.83 12.21 18.59 
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Table 3.12 Mean values of panel and planar shear moduli and 
strengths TRADA (1990b) & FMPA (1994) 
1S mm nominal thickness 
1 
18 mm nominal thickness 
Property 
MM2) MM2) MM2) MOE (NI Strength (NI MOE (NI Strength (N/mm) 
jor 
-Maj-or -TMinor -Ma--F 
Minor 
M-ajor-TMincr 
I 
Major Minor 
Panel shear 
FMPA (1994) 1250 1300 9.6 10.0 1150 1250 8.9 8.7 
Planar shear 
TRADA (1990b) 246 - 1.95 - 206 - 1.86 - 
FMPA (1994) 359 285 2.01 2.15 218 201 1.87 1.92 
3.7 POISSON'S RATIO 
3.7.1 Method 
Standard test methods for the determination of 
Poisson's ratio of wood-based sheet materials were not 
found during the literature search. The Poisson's ratio of 
polymer composites, often with modulus of elasticity and 
fibre orientations similar to timber and boards are often 
determined from a tension test. This section investigates 
the use of a tension test for the determination of 
Poisson's ratio of OSB. 
In principle, the test piece is clamped at the ends 
and subjected to a tensile load so that in sections between 
the clamps the tensile force is axial and uniformly 
distributed. The applied load must be sufficient to 
provide a reliable estimate of Poisson's ratio of the test 
piece but shall not exceed the proportional limit or 
tension capacity. The longitudinal and transverse 
deformations of the gauge lengths (located about the centre 
of test piece) are measured. 
107 
Poisson's ratio is established by a least square fit 
of the slope in the linear region of the load-strain or 
stress-strain curve. 
3.7.2 Apparatus and procedure 
The tension test piece recommended for wood-based 
sheet material in EN 789: 1992 was adopted for the 
determination of the Poisson's ratio. It is 1200 mm. long 
and 150 mm. wide at the central section. Only Sterling 
boards of 18 mm. nominal thickness were investigated. 
Strain measurement 
A Demec gauge was selected for the measurement of 
strain. It is a comparatively inexpensive surface strain 
measurement device, principally used on concrete structures 
and to a lesser extent on fibre reinforced polymer 
structures. The gauge is demountable and can be used to 
measure the strains at a number of paired points. The 
addition of a strain -measuring position means only an extra 
two locating discs. The 150 mm width of the test piece 
enabled a Demec gauge of 4-in (101.6-mm) gauge length to be 
used (Fig 3.17) . The long gauge length minimizes the 
effect of local disturbances within the gauge length, for 
example, deviation of strand orientation from the major or 
minor axis directions. 
Accurate and precise measurement of strains is 
critical in a tension test. Therefore, it was considered 
necessary for the adequacy of the proposed measurement 
technique to be assessed. The suitability of the strain 
gauge depends on the smallest strain is likely to occur on 
the surface of the test piece and the gauge factor of the 
gauge. For the 4-in gauge which is to be used, one 
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division on the dial corresponds to a strain of 16.1 x 10-6 
This is the gauge factor. 
Trial test found that the critical (smallest) strain 
is the strain in the major axis when the tension load is in 
the minor axis. The load-deformation curves obtained from 
the trial test were typically linear. The corresponding 
maximum load, Fmax, and modulus of elasticity (E) were 30 kN 
and 3000 
N/MM2 respectively. 
Assuming the proportional limit corresponds to 50 
percent of the maximum stress (Finax/2A) , the longitudinal 
strain is given by F.. x/ 
(2AE) 
. The critical transverse 
strain, vyFmax / (2AE), is dependent on the value of Poisson's 
ratio, vy. vy is the ratio of the strain in the major axis 
to the strain in the minor axis when the tension load is in 
the minor axis. The minor Poisson's ratio, vy, for strain 
in the major axis when the tension load is in the minor 
axis is deemed to lie between 0.1 and 0.4 for OSB (ASCE, 
1975). The minimum transverse strain (in the major axis) 
corresponds with minimum Poisson's ratio vy. Assuming vy is 
0.2, the strain in the major axis at a load of 500-. of the 
estimated maximum load corresponds to a change of 16 
divisions of the Demec gauge readings (x gauge factor) 
respectively. Since readings can be taken to half a 
division, the accuracy of the measured strains were 
estimated as +6 *-o and +3% when vy is 0.1 and 0.2 
respectively. This level of accuracy can be achieved 
provided the Demec gauge is adequately calibrated. 
Procedure 
Sixteen tests, eight in each principal direction, were 
undertaken to determine the major and minor Poisson's 
ratios of 18 mm thick (nominal) Sterling board. The 
strains were measured from paired gauge points defining the 
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gauge length, in this case 4-in. Three longitudinal and 
three transverse paired gauge points on each face of the 
test piece were considered sufficient for characterization 
of the principal strains. The positions of the paired 
gauge points were symmetrically located on one surface and 
on the diametrically opposite surf ace of the test piece Fig 
3.18. A3 -mm diameter steel disc defined each gauge point. 
Each disc was cemented by plastic padding at prescribed 
position on the surface of the test piece. 
The load was applied from a Universal-type Satec 
loading machine on to serrated friction steel plates which 
were bolted on both faces of the test piece. The machine 
crosshead speed was constant and equal to 0.8 mm/min. 
At zero load, significant sideways deflection of the 
test piece occurred during the measurement of strain. This 
was caused by the applied manual pressure on the test 
piece. The corresponding gauge readings were sensitive to 
the manual pressure and unreliable. on increasing the 
load, the test piece gradually stiffened. At loads greater 
than 2.5 and 5.0 kN in the major and minor axes 
respectively, the stiffnesses were such that sideways 
deflections were minimal during strain measurement and 
consistent strain readings were obtained. Strain 
measurements were recorded at 2.5 kN increments up to loads 
of 17.5 and 20 kN for tension in the minor and major axis 
respectively. The applied maximum loads corresponded to 
about 600-. of the failure loads. The datum strain was 
assumed to be the strain at a load of 5 kN. 
In order to assess the accuracy of the Demec gauge, 
tension stiffness tests were carried out on test pieces ix 
and 2y of Table 3.13. The assessment is based on measuring 
the axial strains by both Demec strain gauge and LVDT. The 
latter was previously calibrated by slip gauges and 
measures deformation to an accuracy of 0.01 mm. 
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Fig 3.17 General view of tension test setup for determination of Poisson's ratio 
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Fig 3.18 Close-up view and positions of paired gauge points on test piece 
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Each test piece was loaded and the surf ace strains (in 
the direction of loading) up to about 500-. of the estimated 
failure load were measured by two linear variable 
differential transducers attached to each face of the test 
piece. The transducers were located diametrically opposite 
each other. The test piece was then loaded again but this 
time surface strains were measured by Demec gauge. The 
load-strain curves for the two test pieces are shown in Fig 
3.19. The plotted strains are the average of the strains 
on both faces. The close agreement between the curves 
suggests that the Demec gauge strains are of the same order 
of accuracy as the LVDT strains. 
3.7.3 Results 
At loads close to zero load, the Demec gauge readings 
were deemed to be sensitive to the manual pressure on the 
test piece in the measurement process. Therefore, the 
Demec readings and strains have to be properly zeroed. 
Strains were referenced to the 5 kN load. The term 
"zeroed strain" refers to strains referenced in this way. 
The gauge readings f rom diametrically opposite paired gauge 
points ensured that any bending effect (due to eccentricity 
of load relative to longitudinal axis of test piece) on the 
strains is eliminated. The averaging of strain in the long 
gauge length of Demec gauges and the use of three pairs of 
gauge readings in each direction minimized any local 
effects such as deviations of the fibre orientation from 
the principal directions. The other determinants of strain 
are the knots and dead wood in the wood strands. Their 
effects are difficult to reduce. Abnormal results (for 
example, negligible or relatively low strains) associated 
with them were discarded. The load versus zeroed strain 
curves for the major and minor axes directions are 
illustrated in Figs 3.20 and 3.21. 
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The lines of best fit were determined by linear 
regression analysis. For each test piece, the ratio of the 
slopes of the load-strain curves for the principal 
directions is equal to the Poisson's ratio. The calculated 
values of Poisson's ratios from Figs 3.19 and 3.20 are 
listed in Table 3.13, where vy, is the strain in the major 
axis per unit strain in the minor axis when the tension 
load is in the minor axis direction. 
Table 3.13 Poisson's ratio -18 mm nominal thickness 
Test piece Thickness 
(mm) 
Major Poisson's 
ratio* 
vx 
Test piece Thickness 
(mm) 
Minor Poisson's 
ratio* 
vy 
lx 19.23 0.236 ly 18.85 0.132 
2x 19.19 0.203 2y 18.23 0.183 
3x 18.78 0.238 3y 18.16 0.138 
4x 17.71 0.140 4y 17.67 0.141 
5x 18.19 0.198 5y 17.59 0.165 
6x 18.17 0.300 6y 18.63 0.196 
7x 17.110 0.269 7y 18.76 0.152 
8x 17.82 0.220 8y 18.43 0.167 
Mean 18.35 0.226 Mean 18.29 0.159 
STD 0.60 0.045 STD 0.44 0.021 
COV Ck) 
1 
3.27 
1 
19.91 COV 00 
11 
2.41 13.21 
1 
. Major/minor axis parallel to direction of tension load 
3.8 INTERPRETATION OF RESULTS 
This section discusses the behaviour, properties and 
adequacy of the test methods. For the purpose of 
comparison, a summary of the measured properties of the 
test boards is given in Table 3.14. 
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Table 3.14 Mean and coefficient of variation of properties of 
Sterling board* 
15 mm thickness 18 mm thickness 
Property 
Mean COV Mean COV 01 
Major Minor Major Minor Major Minor Major Minor 
Bending MOE 5140 1930 7.4 9.8 5250 1910 7.4 14.7 
(NI MM2) Strength 21.3 12.7 1 7.2 10.0 21.2 12.2 10.1 14.4 
Panel shear MOE 1080 1180 8.2 10.5 1180 1280 12.1 11.2 
(NI mm2) Strength 8.2 8.50 9.7 13.1 8.2 7.9 8.7 11.9 
Planar shear MOE 79.0 56.3 37.1 42.3 72.0 59.6 28.4 22.8 
(N /MM2) Strength 2.1 1.8 13.1 15.2 1.7 1.6 12.2 18.6 
Beam shear MOE - - - - 64.2 50.7 - - 
(NI MM2) 
Punching shear Capacity 
25 mm diam 4990 9.8 6040 9.8 
(N) 
50 mm diam 6780 5.5 8780 3.5 
Poisson's ratio 0.23 
1 
0.16 19.9 13.2 
Density (kg/m') 632 642 
Moisture 8.7 9.1 
content (! k) I I I 
. Number of test results varies from 5 to 16. COV computed for 8 or more test results only. 
Bending 
A four-point bending test on spans comparable to those 
in service has been used to characterize the bending 
strength and stiffness of OSB. The load-deflection 
behaviour is linear up to about 60% of the maximum load. 
The mode of failure is characteristically by flexure. The 
test method is deemed satisfactory. The bending stiffness 
and strength appear to agree with the results obtained at 
TRADA (1990b). 
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The orthotropy in bending stiffness, EJEY I is 
approximately 2.7 for both thicknesses. The degrees of 
orthotropy in strength are 1.68 and 1.74 for the 15 and 18 
mm thicknesses respectively i. e., an average of 1.7. 
As far as the dispersion of properties is concerned, 
the coefficients of variation for the minor strength and 
stiffness appear to be generally greater than the 
corresponding values for the major axis properties. The 
average coefficient of variation of the minor axis 
properties is about 12 percent compared to 7 percent for 
the major axis properties. 
Punching shear 
The load-deflection relationship is typically linear 
up to about 80*1 of the maximum load. The mode of failure 
is typically ductile. 
Theoretically, the span of the test piece (or size of 
the aperture in the steel support plate) should be as small 
as practically possible so that bending is minimized, and 
at the same time be large enough to accommodate the 
characteristic elliptical fan crack pattern associated with 
punching shear rupture. For the 25 mm diameter punch, the 
characteristic elliptical crack pattern was observed at the 
underside of the test piece. This is in contrast to the 
circular crack pattern in isotropic panels such as wood 
chipboard. The diameters of the major axes of the 
elliptical cracks in the 15 and 18 mm thick test pieces are 
131.8 and 141.2 mm respectively (Fig 3.13). The diameter 
of the major axis is critical in the experimental design 
for punching shear. For the test boards, the length of the 
cracks in the major axes of the 15 and 18 mm thick test 
pieces can be expressed in the form 6.7T + 2.5 mm, where T 
is the test piece thickness (see Fig 3.13). 
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For the 50 mm diameter punch, the recommended size of 
the aperture in the steel support plate (6T + 50 mm) was 
not large enough for the elliptical crack pattern to be 
developed at rupture. An aperture diameter greater than 6T 
+ 50 mm is suggested. For a 50 mm diameter punch, 6.7T + 
50 mm is a rough estimate of the major diameter of the 
elliptical fan crack pattern in the 15 and 18 mm thick 
boards. Using this approximate expression, tentative 
estimates of the required major diameters of the apertures 
in the steel support plates for the 15 and 18 mm nominal 
thicknesses are 150 and 170 mm respectively. Allowing for 
tolerance in test piece thickness and clearance between the 
inner edge of the plate and the boundary of the crack 
surface, the diameters of the apertures required could be 
about 180 and 200 mm for the 15 and 18 mm thick boards 
respectively. 
However, any increase in the span of the test piece or 
aperture on the steel support plate increases the bending 
stress and reduces the capacity. Thus, tests with a large 
punch diameter, say over 50 mm, will increasingly measure 
punching shear-moment capacity rather than pure punching 
shear capacity. The characteristic elliptical fan crack 
pattern may then not be simulated or bending rupture may 
occur. An investigation of the influence of span (or of 
the diameter of the aperture in the support plate) on load 
capacity and mode of failure is suggested in the 
development of a "punching shear', test method for punch 
diameters of the order of 50 mm and over. Acceptance of 
the load capacity based on the 50 mm diameter punch will 
depend on the results of further investigation into the 
effect of support plate aperture diameter on capacity. The 
load capacities from the 50 mm diameter punch tests are 
regarded as tentative values. Investigative work on the 
punching shear capacity of Sterling board under a circular 
punch of 25 mm diameter had been carried out by Markham and 
Merrill (1990). The test was in accordance with BS 5669 
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Part 1 1989. Six tests were carried out on 15 and 18 mm 
thicknesses and the mean capacities obtained were 4.88 and 
6.29 kN respectively. These are in good agreement with the 
values of 4.99 and 6.04 kN for the 15 and 18 mm thicknesses 
respectively obtained in the present tests. 
The load capacity per unit thickness is approximately 
0.32 kN/mm for both 15 and 18 mm. thick boards, when loaded 
by a 25 mm diameter punch. This means that the punching 
shear capacity can be assumed to be directly proportional 
to the thickness. 
The coefficients of variation of the capacities for 
tests with the 25 and 50 mm diameter punches were 
approximately 10 and 5 percent respectively. 
Planar shear 
A major advantage of the beam shear modulus test is 
that it simulates the stress distribution in practical 
floor decking. The distribution is parabolic through the 
layers, zero at the extreme fibres and maximum in the 
thickness of the test piece. In the case of the planar 
shear test of EN 789, nearly uniform in-plane shear stress 
prevails through the thickness of the test piece. 
The or mean moduli for the 18 mm thick boards obtained 
from the planar shear tests at CTBA (1994) are 72 
N/MM2 
(major) and 60 N/mm 
2 
(minor). From the beam shear test, the 
major and minor moduli are 64 N/MM2 (major) and 51 
N/MM2 
(minor) respectively. The average difference is 15%. 
However, the mean values of the major shear modulus G., 
for the 15 and 18 mm thick boards obtained at TRADA (1990b) 
2 
were 246 and 206 N/mm respectively. For the 18 mm thick 
board, FMPA (1994) obtained mean values of 218 and 201 
N/MM2 
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for Gxz and GYz- The average coefficient of variation of the 
planar moduli is about 33% at CTBA (1994) compared to 8% at 
TRADA (1990b) The coefficients of variation of the moduli 
of the 15 and 18 mm thick boards in the FMPA tests appear 
to be between 10 and 25% respectively. 
The wide variation of mean modulus and coefficient of 
variation may be associated with the surface condition of 
the unsanded tests boards and/or the relative layer 
thickness. The surface condition of unsanded boards are 
generally poorer than sanded boards. 
The degree of orthotropy in shear stiffness, G. 7/Gyz 
for the 18 mm thick board is 1.27 from the beam shear test. 
From the CTBA (1994) test results, the values of G. z/G are YZ 
1.4 and 1.21 for the 15 and 18 mm thicknesses respectively. 
The values of G. ý/Gyz 
from tests at FMPA (1994) are 1.26 and 
1.13 for the 15 and 18 mm thick boards respectively. These 
results suggest that tentatively the ratio of G. z/Gyz 
is in 
the range from 1.1 to 1.4. 
According to Tables 3.11 and 3.12, there is reasonable 
agreement among the strength values obtained at CTBA (1994) 
TRADA (1990b) and FMPA (1994). The degrees of orthotropy 
in strength are 1.06 and 1.16 for the 15 and 18 mm thick 
test pieces respectively (CTBA, 1994). 
The ratio of G., /E. for the test boards has an average 
value of 0.0138 (1/72) . However, extensive tests on 
OSB 
conditioned in a 200C and 650-. RH environment undertaken by 
the Structural board Association in Canada obtained ratios 
of mean values of Gxz to Ex which are between 0.025 and 
0.0182 (1/40 and 1/55) (Karacabeyli et al, 1996) - These 
are relatively low stiffness ratios compared to the 
corresponding ratios for solid timber beams. 
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Panel shear 
Panel shear stresses act in complementary pairs. 
Therefore, the panel shear modulus and strength can be 
characterized by the average of the test results from 
loading in the lateral and longitudinal directions. In 
fact, the maximum differences between the major and minor 
panel strengths and moduli are less than 100-.. The CTBA 
strengths and moduli agree reasonably well with the results 
obtained at FMPA (1994). 
Poisson's ratio 
Sterling board is commonly manufactured from Scot-Pine 
(United Kingdom grown) - Poisson's ratios 
for Sterling 
board (made from Scot-Pine) lie between the v LT and v TL 
values for Scots Pine, which are 0.51 and 0.015 
respectively (Illston et al, 1979). Though this range is 
wide, the Poisson's ratio of 0.23 and 0.16 for the test 
board are within this expected range. 
For an orthotropic material, the theoretical value of 
Gxy is 0.5 (1 - vxvy) V (E. E Y ). The mean panel shear modulus Gxy of 
the 18 mm thick test pieces is 0.5(1180 + 1280) = 1230 
N/MM2 
. This 
is about 81*1 of the theoretical value of 1525 
N/MM2. 
These elastic and strength parameters should enable 
the verification of the finite element plate bending model 
for joisted OSB decks and the derivation of design values 
for use in a simple design calculation method for 
concentrated loading. 
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3.9 CONCLUSIONS 
Short-term tests of 15 and 18 mm thick unsanded 
Sterling board conditioned at service class 1 of EC5 have 
enabled the behaviour, elastic constants and strength 
properties relevant to the point-load bending of floor 
decks to be determined. 
The behaviour in four-point bending was linear up to 
60'1 of the maximum load. Sudden and sharp rupture of the 
test pieces was associated with the brittleness of tension 
(flexural) failure. 
The levels of orthotropy in elastic bending modulus 
and strength were 2.7 and 1.7 respectively for both 
thicknesses. The coefficients of variation of the major 
axis bending properties were about half of the 
corresponding coefficients for minor axis properties. 
The behaviour in punching shear was linear up to 800-. 
of the maximum load. The failure mode was 
characteristically ductile. The phenomenon that a material 
normally brittle under bending may behave in a ductile 
manner in another stress state appears to be exhibited. 
The load capacity appears to be proportional to thickness 
within the 15 to 18 mm thickness range that was 
investigated. In the case of the 25 mm diameter punch 
test, the characteristic crack pattern at the underside of 
the test piece is an elliptical fan. With the 50 mm 
diameter punch test, however, the recommended span (support 
plate aperture) appears to be too small for the development 
of the typical elliptical fan crack pattern. 
The transverse shear moduli determined from a centre- 
point beam shear test were comparable to those obtained 
from the direct shear in the panel face method of EN 789. 
However, the coefficients of variation of the planar moduli 
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of about 33% contrasts the average value of lo% for the 
other properties. The degrees of orthotropy in planar 
shear modulus (GjGYz) and strength were 1.3 and 1.1 
respectively. 
The tension test piece of EN 789 enabled the 
utilization of a Demec gauge of 4-in gauge length for the 
determination of Poisson's ratio. The major and minor 
Poisson's ratios, vx and vy, were found to be 0.23 and 0.16 
respectively. Although, there is the advantage of in-built 
averaging of strain in the relatively long gauge length, 
the time-consuming manual strain measurement process is a 
serious drawback in the use of the Demec gauge. The panel 
shear modulus, GxYl was about 80 percent of the estimated 
theoretical value obtained from the bending moduli and 
Poisson's ratio. 
The values for the ratio of GJE. for the test board 
and for other brands and grades of OSB, suggest that OSB is 
a material of relatively low shear stiffness. 
The degree of orthotropy in bending appears to be much 
greater than the orthotropy in planar shear. The 
orthotropy in bending modulus is of the order of 2.7 
compared to 1.3 for planar shear. The orthotropy in 
bending strength is 1.7 compared to 1.1 for planar shear. 
Furthermore, the degree of orthotropy in modulus appears to 
be greater than the orthotropy in strength. These 
structural properties and the relationships amongst them 
are for 15 and 18 mm thick unsanded Sterling board made 
from Scots Pine. Tests on other Sterling board thicknesses 
(and other OSB brands made of different wood species) 
should provide further data on the behaviour and 
relationships amongst the properties. 
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CHAPTER 4 
FINITE ELEMENT ANALYSIS OF OSB DECKING 
4.1 INTRODUCTION 
The linear elastic properties are the basis of bending 
design calculations for wood-based sheet material decking. 
In the case of concentrated load on wood-based sheet 
material decking of joisted floor, the use of these 
properties in a design calculation method was first 
published by TRADA in 1992 (TRADA, 1992). However, it is 
a simplified method specifically for isotropic decking and 
based on the assumption that the equivalent beam width is 
equal to the span of the decking (TRADA, 1992). 
The theoretical basis and experimental evidence for 
assessment of the simplified design method for concentrated 
load are not clearly established. In fact, the need for 
precise data on the point-load bending response of wood- 
based deckings from rigorous plate analysis methods was a 
key recommendation by Kearley and Carruthers (1991). 
The main objective of this analytical study is to 
obtain the critical linear elastic moments, reactive 
forces, deflection and effective width of joisted OSB floor 
decking when subjected to a concentrated load. A 
knowledge of the effective width of joisted deckings is 
also required in the intended large-scale tests in Chapter 
5 and was therefore included in the investigation. 
The finite element analysis technique is used in a 
parametric study of the effects of loaded area, orthotropy 
in decking material properties, boundary constraints and 
continuity on the response. The results should be the 
analytical basis for developing a simple design method for 
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OSB decking and assessing the TRADA design calculation 
method. 
4.2 ANALYTICAL MODEL OF DECKING 
This section describes the analytical model of a 
joisted floor decking and provides data on the decking 
geometry, OSB material properties and the loaded area on 
which the concentrated load acts. These are required for 
the parametric study of decking response. 
4.2.1 Material and structure idealizations 
Material idealization 
Three assumptions are made about OSB board. The first 
is that OSB board is midplane symmetric. The second is 
that the mechanical properties are expressed in terms of 
the whole cross-sectional area and hence a knowledge of the 
relative lay-up and layer thicknesses is not essential to 
a designer. This property specification format is often 
referred to as the full cross-sectional area method. In 
this method, a board is implicitly assumed to be continuous 
and homogenous through its thickness. The properties, 
therefore, relate to an equivalent fictitious homogenous 
board of the same thickness as the actual board. This 
method is used in the European standards for wood-based 
panel products, EC5. 
The linear load-def lection behaviour of Sterling board 
in bending and shear up to 60 percent of the load capacity 
(Chapter 3) leads to the third idealization, which is that 
the constitutive model for OSB is linear elastic. Analysis 
based on the equivalent resultant moduli gives accurate 
moments, resultant sectional forces and deflections. 
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However, the point-to-point variation of elastic stress 
through the thickness of the actual board requires a 
knowledge of the relative layer elastic constants. These 
are not normally known. This is a drawback of the full 
cross-sectional area approach to property specification. 
Structure idealization 
Joisted deck construction has been described in 
Section 1.2 (Fig 1.1). The face grain or major material 
axis of OSB decking is commonly perpendicular to the 
joists. The presence of gaps at joints between boards is 
not interpreted as a loss of stiffness, as these gaps 
generally occur over joists and noggings. Additional 
resistance is not considered to be provided by the 
underlayment and/or finishes. The main laying and fixing 
requirements are such that the performance at joints 
between board edges can be assumed to be at least as good 
as the rest of the decking (BS 5268: Part 2 1991). These 
assumptions simplify the decking to a plate resting on a 
set of one-way spanning joists. However, the staggered lap 
arrangement can possibly result in single span panels near 
the perimeters of a floor. For routine design, the decking 
reduces to single span or continuous plates. 
Under load, the part of the decking near the centre of 
the f loor behaves in a manner similar to a plate on elastic 
supports. However, near the floor perimeter, the decking 
acts almost as a plate on rigid supports. The latter model 
is critical and generally adopted in routine design. It is 
used in the present investigation. 
Nailed and screwed deckings have joint characteristics 
which are between those of fixed and simply supported 
deckings. This finite element analysis will examine the 
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responses based on the assumptions of simply supported and 
fixed boundary conditions at the joist supports. 
4.2.2 Analysis parameters 
One of the most valuable approaches in analytical and 
experimental researches in structures is the identification 
and ranking of the stress and deflection inducing 
parameters (preferably non-dimensional) of a problem. The 
intrinsic value of such an approach is self-evident. This 
section defines for joisted OSB floor decking, the range of 
decking geometry and elastic properties and the loaded area 
of the applied concentrated load, in non-dimensional terms, 
where appropriate. 
Decking geometry 
For the common board thicknesses (15 - 25 mm), the 
span is typically 300,400 or 600 mm, measured centre-to- 
centre of joists. The corresponding typical range of the 
ratio of span to thickness is between 12 and 40. A range 
of span to thickness ratio between 10 and 40 will be 
investigated. 
As far as the decking surface geometry is concerned, 
a ratio of width/span of four is assumed to model the 
typical long rectangular bays in joisted floors. Due to 
the staggered lap arrangement of the boards, single- and 
double-span panels often occur near the perimeter of a 
floor. They are critical in decking design and so the 
analysis will be limited to these geometries (Fig 4.1). 
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Elastic parameters of OSB 
Moduli 
The orthotropy in bending stiffness EJEY and shear 
stiffness G. ý/Gyz are 
important in this parametric study. 
For Sterling boards, the results of tests for determination 
of the relevant properties reported in Section 3.8 are that 
the ratio of G. z/Gyz 
is between 1.1 and 1.4, whilst EJEY is 
about 2.7. However, the ratio of mechanical properties in 
the major axis to minor axis may be as high as 3.5 and as 
low as 1.2 (Dinwoodie, 1986) . The stiffness ratios EJEY 
and G. z/Gyz will 
be assumed to lie between four and one 
(isotropic). 
Test results on oriented strand board by the author 
and CTBA (1994) suggest that the GJE. can be up to 0 . 013 
(1/77) 
. Extensive tests 
in Canada, reported by Karacabeyli 
et al (1996) obtained values of G., /E. of about 0.018 (1/55) . 
For this investigation G., /E. will be assumed to be between 
0.0625 and 0.0125 (1/16 and 1/80). 
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Span 
For an ideal orthotropic material, Bares (1971), 
Szilard (1974) and Hambly (1990) express Gxy in the form 
EE 
Gx_v xy 
2(1+ V-V- -xv 
(4.1) 
From the small-scale tests reported in Chapter 3, the 
experimental panel shear modulus Gxy was found to be about 
800-. of the theoretical value. The response to prescribed 
values of Gxy ranging from 70 to 130 percent of the 
theoretical value will be investigated. 
In order to easily appreciate the results, realistic 
values of moduli are needed in the analysis. Bending tests 
determined the short-term mean value of bending modulus of 
elasticity in the major axis, E., to be about 5100 
N/MM2. 
For OSB complying to grades 3 and 4 of prEN 300 (for floor 
decking) the creep deformation factor, (1+k def 
), for 
permanent load duration in service class 1 in EC5 is 2.25. 
The estimated long-term mean modulus is given by E. / (1+k ded ' 
The major modulus of elasticity is assumed to be 1500 
N/MM2 
in the analysis except otherwise stated. Eyl Gxz and Gyz are 
estimated from the relationships to Ex noted above. 
Poisson's ratio 
The major and minor Poisson's ratios, 'ýI LT and V TL I 
for 
the wood strands in OSB are in the range between 0.03 and 
0.40, where T and L represent the longitudinal and 
tangential axes of symmetry in round wood (ASCE, 1975). 
The Poisson Is ratios, V LT and V TL I correspond 
approximately to vx, and vyx in the rectangular cartesian 
axes of sheet material. vxY is the Poisson's ratio for 
deformation in the y-direction (minor axis) when an axial 
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force is applied in the x-direction (major axis) . VXY is 
abbreviated to vx and referred to as the major Poisson's 
ratio in this thesis. The minor Poisson's ratio vy is equal 
to vxEY/Ex. 
As the direction of the grains of the strands in the 
centre layer is perpendicular to that in the outer layers, 
vx and vy are more likely to be between 0.1 and 0.3. A 
slightly wider range of Poisson's ratio, v, between 0.1 - 
0.4 is examined in this study. 
Loaded area 
A concentrated load is considered to act in that 
portion of the decking between the joists. The minimum 
concentrated load on domestic and light duty office floors 
is between 1.4 and 2.5 kN. As the load level is immaterial 
in the determination of the elastic response, a load of 1 
kN is used in the analysis. 
The near minimum or characteristic area on which a 
concentrated load acts is typically a circular area of 25 
mm diameter in BS 5669 (1989) and 50 mm square in DD ENV 
1995-1-1: 1994 of EC5. For this analysis, the loaded area 
is assumed as square to correspond with the rectangular 
material axes of OSB board. The decking response is 
dependent on the ratio of loaded area dimension to span. 
As the common span of joisted decking is between 300 and 
600 mm, the corresponding upper bound of the ratio of span 
to loaded area dimension is 24. However, in analytical 
work, a concentrated load is often regarded as a load with 
a ratio of span to loaded area dimension in the range 
between 10 and 40. This range will be examined, although 
it is noted that the full range of ratio of span to loaded 
area dimension is not applicable to every OSB decking. 
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Some analysts consider the loaded area for bending 
analysis is that defined by a load spread at 450 to the 
vertical, from the loaded top surface through the thickness 
to the neutral surface. The conservative approach of 
assuming zero load spread, and using the loaded area at the 
top surface of the decking is adopted in this parametric 
study. As a result there is no thickness factor in the 
loaded area dimensions used in the present analysis. 
Finally, from the design viewpoint, the derivation of 
moments and deflection from both point-load and patch-load 
models will be examined. 
4.3 PLATE ANALYSIS SYSTEM AND PERFORMANCE TESTS 
4.3.1 The LUSAS FEA System 
The design and development of LUSAS commenced in 1970 
at the University of London. The main purposes of the 
package were to provide an easy-to-use teaching system and 
a research tool which could be extended to accommodate new 
developments in finite element technique. The package is 
capable of analyzing static, dynamic, linear and nonlinear 
problems. The LUSAS Finite Element Analysis System 
Version 10.0: 1990 was utilised in this investigation. It 
contains efficient pre- and post-processing routines and 
covers the parameters of the analysis. 
4.3.2 Element formulation 
Plate Elements QF4 and QTF8 of the LUSAS system were 
selected for use in this study (Fig 4.2) The QTF8 element 
is an eight-noded isoparametric plate element formulated 
using Mindlin plate theory. It accounts for the transverse 
shear effects associated with thick plates. The nodal 
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degrees of freedom are the z-direction displacement, w, 
rotation in the xz-plane, OY, and rotation in the yz-plane, 
Ox (Fig 4.2). The rotations of the normals to the mid- 
surface include the effects of shear deformation. The 
moments Mxj My and MxY and shear forces Sx and SY are related 
to the curvatures *x, *, and *xy and shear strains y. z and y,, 
respectively by the structural stiffness characteristics 
defined by the matrix [D] as follows 
W= t8l (4.2) 
where (R) is the action matrix (M. My Mxy Sx Syl-' and (6) is 
the deformation matrix f*x *y *xy yxz yyzl-l 
The curvatures and shear strains are related to the 
displacement w by 
*'- ao y x ax 
Ivy= x ay 
*XY= + ay äx- 
= aw-o Y xz ax Y 
yyz= aw -0 x ay 
(4.3) 
The elastic stiffness matrix, [D], can be written in 
the form 
[DI = 
[Dbend-ingl 
101 
[ 01 
[Dshearl 
1 
(4.4) 
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Assuming the global rectangular cartesian (x, y, z) axes are 
coincident with the principal property axes of the decking, 
the bending modulus submatrix is 
Eý, -V.,, Ey 0 (i 
-V vy-v "VY) 
t3 
[Dbending] 
12 -V,, 
Ey Ey 
0 (i -Vxvy) (I -Vxvy) 
L00G.., Y. 
The shear modulus submatrix is 
[Dshea. 
rl = 
t G.,, z 0 
1.20 Gyzj 
(4.5) 
(4.6) 
The output at the element nodes or Gauss points 
consists of moments, shear forces, deflection and rotations 
in the global cartesian system. 
The QF4 element is a four-noded quadrilateral 
isoparametric plate element produced by constraining the 
shear strains to zero (Kirchhoff plate assumption) at 
discrete points within the QTF8 elements. It is 
recommended when the span/depth ratio is greater than 50, 
where transverse shear force has negligible influence on 
the moment and deflection solutions e. g. thin plates. The 
element output obtained at the element nodes or Gauss 
points consists of the moments/unit width M., My and M XY and 
curvatures TX1 TY and TxY in the global cartesian system. 
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4.3.3 Element and model performance tests 
The choice of element type, shape and size influences 
the structural response. Consequently, a certain amount of 
experimentation with these factors and substantial 
agreement of the results with known solutions are required 
before acceptance of the element and model. The main 
purpose of performance tests is to determine the 
suitability of the finite element model(s) based on 
comparison of classical and finite element solutions for a 
typical decking. 
Simple model 
The model for the element type, size and shape 
sensitivity study is a long rectangular simply supported 
isotropic plate carrying a concentrated load at the centre. 
This problem has a closed form solution (classical) against 
which the finite element solution is assessed. Symmetry 
meant zero rotation about the centre lines and only one 
quadrant of the plate was analyzed for efficiency. A 
typical plate model for the mesh-size sensitivity study is 
shown in Fig 4.2. The applied load is 1 kN at the centre 
of the plate. It is assumed to be applied over a square 
area with a ratio of side length of loaded area to span of 
). 05. The width, span and thickness of the plate are 4 m, 
m and 25 mm respectively. This is equivalent to a 
idth/span ratio of four and span/thickness ratio of 40. 
ae bending modulus of elasticity, E, and Poisson's ratio, 
are assumed to be 1500 
N/MM2 and 0.3 respectively. The 
e of patch- and point-load models of a concentrated load 
the analysis was investigated. 
Table 4.1 reveals the sensitivity of moments and 
cural deflection to mesh size (square mesh) when the 
ý. ar element QF4 was used in the investigation. The 
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point-load models satisfactorily predict the deflection, 
even a coarse element with a dimension equal to a quarter 
of the span produced an error of less than 1 percent. 
However, mesh-size was found to be significant for moments 
in this model. A mesh size dimension of one-tenth of the 
span yields acceptable moments. In the patch-load model, 
a mesh dimension equal to half the square loaded area 
dimension was initially adopted and found to produce 
satisfactory moments and deflection. 
The simply supported isotropic model was also analyzed 
by the QTF8 thick plate element. The emphasis, though, was 
on validating the moments under the load which have been 
shown to be sensitive to mesh size. Again, a square mesh 
dimension equal to half of the loaded area dimension 
produced satisfactory moments with the patch load. In the 
case of the point load, the critical mesh size is one-tenth 
of the span (same as with the QF4 element). 
The effect of mesh aspect ratio on the point-load 
models was investigated. The result is summarised in Table 
4.2. The mesh density refers to the number of elements in 
the quarter plate. The analysis covered aspect ratio, X/Y, 
from 0.1 to 2.0, where X and Y are the side lengths of the 
mesh in the x- and y- directions respectively. The results 
show that the mesh shape has negligible effect on 
deflection, but strongly influences the moments. A non- 
conservative solution is obtained when the aspect ratio is 
less than unity. 
Mesh-size sensitivity study of a simply supported 
single-span orthotropic model was carried out using fine 
and coarse meshes. The decking geometry was the same as 
that for the simple isotropic model. The material 
properties were Poisson's ratio v. = 0.3, EJEY = 4.0 and E. 
= 1500 N/MM2 . The theoretical shear modulus, 
G.,,,, was taken 
as equal to 0.5V (E. EY) / (14 (v,, vy) ). 
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The results are presented in Tables 4.3 and 4.4. 
Again a mesh size of one-tenth of the span yields moments 
and flexural deflection which are comparable to those 
obtained with the patch-load model. The effect of mesh 
aspect ratio is similar to that in the isotropic model. 
Fixed model 
For a fixed decking, the negative moments at the 
supports also have to be taken into consideration. 
Analysis by Bares (1971) showed that in a long rectangular 
fixed plate the maximum (absolute) longitudinal and 
transverse moments occurs under the load when the load is 
at the centre. Therefore, the boundary condition in 'the 
simple model was changed to fully fixed and mesh size and 
shape sensitivity analyses were undertaken. 
The results are shown in Tables 4.5 and 4.6. For the 
patch-load model, a mesh dimension of half the loaded area 
dimension is satisfactory for both deflection and moment 
computations. Both coarse and fine meshes satisfactorily 
predict the deflection in the point-load model. With this 
load model, a mesh-size of one-tenth of the span is 
satisfactory for computation of moments. Again the mesh 
aspect ratio is critical for moments, but is of little 
significance if deflection only is required. 
Cope and Clark (1984) mentioned the dependency of the 
critical moments under a point load on the mesh size, 
though no guidance was given. For determination of the 
peak moments under a point-load the critical mesh size 
(square) in the vicinity of the load appears to have been 
obtained. 
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Table 4.1 simply supported isotropic panel: mesh-size sensitivity 
E= 1500 N/, Mn2 V=0.3 
Solut- Load Side length of Maximum bending moment Maximum 
ion model square mesh in deflection 
vicinity of load Wýx 
(mm) 
Mx, 
ýx 
(kNm) My, (kNm) 
1 Point Span/4 0.344 0.287 7.85 
load 
2 Point Span/10 0.438 0.382 7.89 
load 
3 Point Span/20 0.510 0.454 7.90 
load 
4 Point Span/40 0.582 0.526 7.90 
load 
5 Point Span/80 0.653 0.598 7.90 
load 
6 Patch Span/40 0.414 0.356 7.81 
load* 
7 Patch 0.401 0.345 7.90 
(Class load* 
ical) . I I 
+ Side length of square loaded area = span/20 
* Timoshenko and Woinosky-Krieger (1959) and Bares (1971) 
Table 4.2 Simply supported isotropic panel: mesh aspect ratio 
sensitivity E= 1500 N/nUn2 0.3 
Mesh aspect 
ratio (X/Y) 
Mesh density Maximum bending moment Maximum 
deflection 
w- 
(mm) 
M.,,,. (kNm) My, (k-N-n) 
2.0 5x40 0.460 0.422 0.01694 
1.0* 5x20 0.438 0.382 0.01694 
0.5 5x1O 0.406 0.331 0.01691 
0.25 Sx5 0.358 0.262 0.01681 
0.1 2x5 0.278 0.167 0.01679 
. Mesh size = span/10 x span/10 
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Table 4.3 Simply supported orthotropic panel: Mesh-size sensitivity 
Ex = 1500 N/nM12 Ex/Ey = 4.0 Vx = 0.3 
Solution Load Side length of Maximum bending moment Maximum 
model square mesh in deflection 
vicinity of load Wýx 
(mm) 
M, .. 
(kNm) M, 
-. 
(kNm) 
1 Point Span/4 0.426 0.156 11.9 
load 
2 Point Span/10 0.544 0.217 12.0 
load 
3 Point Span/20 0.634 0.262 12.0 
load 
4 Patch Span/40 0.515 0.201 11.9 
load* 
5 Patch 11.9 
(Classi- load* 
cal)* 
+ Side length of square loaded area = span/20 
* Timoshenko and Woinosky-Krieger (1959) and Szilard (1974) 
Table 4.4 Simply supported orthotropic panel: mesh aspect ratio 
sensitivity Ex = 1500 N/IrM2 E. /Ey = 4.0 Vx = 0.3 
Mesh aspect 
ratio (X/Y) 
Mesh density maximum bending moments Maximum 
deflection 
Wmax 
(mm) 
M.,... (kNm) My, (kNm) 
2.0 5x4O 0.576 0.247 12.00 
1.0* 5x2O 0.544 0.217 12.00 
0.5 5x1O 0.501 0.177 11.92 
0.25 5x5 0.431 0.130 11.54 
0.1 2x5 0.328 0.064 11.60 
* Mesh size = span/10 x span/10 
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Table 4.5 Fixed isotropic panel: mesh-size sensitivity 
E= 1500 N/mM2 V=0.3 
Solut- Load Side length maximum moment at Maximum moment at Maximum 
ion model of square centre support deflection 
mesh in 
vicinity of 
load W-X 
(mm) 
Mx, 
ýX 
MY'.. MX, 
M. X 
MY. 
-X 
(kNm) (kNm) (kNm) (kNM) 
1 Point Span/4 0.271 0.234 0.169 0.062 2.98 
load 
2 Point Span/10 0.364 0.334 0.167 0.054 3.02 
load 
3 Point Span/20 0.436 0.406 0.167 0.050 3.02 
load 
4 Point Span/40 0.507 0.477 0.167 0.051 3.02 
load 
5 Point Span/80 0.579 0.549 0.167 0.050 3.02 
load 
6 Patch Span/40 0.340 0.310 0.167 0.054 3.02 
load* 
7 Patch 0.330 0.295 0.167 0.054 3.02 
(Class- load' 
ical)* 
+ Side length of square loaded area = span/20 * Timoshenko and Woinosky-Krieger (1959) and Bares (1971) 
Table 4.6 Fixed isotropic panel: mesh aspect ratio sensitivity 
1500 N/nUn2 v=0.3 
Mesh aspect 
ratio (X/Y) 
Mesh density Maximum moment at 
centre 
Maximum moment at 
support 
Maximum 
deflection 
Wmax 
(mm) 
Mxlýx 
(kNm) 
MY, 
(kNm) 
Mx. 
- 
(kNm) 
M". 
(kNm) 
2.0 5x4O 0.386 0.373 0.166 0.053 3.02 
1.0* 5x2O 0.364 0.334 0.167 0.054 3.02 
0.5 5x1O 0.331 0.282 0.170 0.054 3.02 
0.25 5x5 0.284 0.214 0.161 0.050 2.98 
0.1 2x5 0.191 0.101 0.165 0.050 2.80 
* Mesh size = span/10 x span/10 
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The point-load model simulated a patch-load model with 
a near-minimum value of ratio of side length of square 
loaded area to span of 0.05. However, the size of the 
loaded area influences the moments and deflections. This 
aspect is considered in the parametric study in the next 
section. 
4.4 PARAMETRIC STUDY OF THE EFFECTS OF MODEL VARIABLES ON 
RESPONSE 
4.4.1 Scope 
This parametric study determines the effects of the 
main model variables on the optimum moments, deflection, 
reactive forces and effective width. 
The relevant model parameters have been identified as 
the ratio of loaded area dimension to span, bending 
stiffness orthotropy, EJEY, transverse shear stiffness 
orthotropy, GjGYzI Poisson's ratio, V and boundary XI 
conditions. The ratio of loaded area dimension to span is 
characteristically between 0.025 and 0.1. Poisson Is ratio, 
vxl is investigated in the range between 0.1 and 0.4, whilst 
both Ex/Ey and GjGYz are examined in the range between 1.0 
and 4.0. Both simple and fixed support assumptions are 
investigated. 
The ultimate goal of this finite element analysis is 
to develop a simplified design calculation method for OSB 
decking, which is orthotropic. The presentation format 
adopted is to give the standard isotropic response followed 
by the effect of material orthotropy on the isotropic 
response. The graphical and tabular results are normalized 
with respect to a typical isotropic result, where 
appropriate. 
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4.4.2 Moments and flexural deflection 
In a long rectangular simply supported plate, the 
centre load position yields the maximum longitudinal 
bending moment, M., and deflection. Hahn (1966) states that 
the maximum transverse bending moment My occurs when the 
load is near the transverse edge. The focus of the 
analysis was on the effect of the model variables on the 
central bending moments and flexural deflection. Then, the 
maximum My near the transverse support was investigated. 
The results should provide the correction to the transverse 
bending moment at the centre in order to obtain the maximum 
transverse bending moment. The maximum moments and 
deflection in a fixed plate occur under a central load. 
A quarter of the single-span decking was needed for 
the determination of the central moments and deflection 
because of bilateral symmetry. The thin plate element, 
QF4, was used throughout. 
Effect of loaded area 
The effect of the size of the loaded area on the 
moments and flexural deflection was obtained by applying a 
patch load of varying area at the centre of the model. The 
effect was characterized by assuming the ratios of side 
length of square loaded area to span of the applied load 
area 0.025,0.05 and 0.1. The loaded area was assumed to 
be equal to the contact area at the top surface of the 
plate model. The results, including the typical material 
properties assumed in the analysis are summarized in Table 
4.7, whilst the normalized results are plotted in Fig 4.3. 
The moments induced by the loaded area dimension to span 
ratio of 0.1 appears to be 300-o smaller than those induced 
by the loaded area dimension to span ratio of 0.025. The 
corresponding reduction in deflection is less than 3%. 
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Table 4.7 Effect of loaded area on moments and deflection 
Side length of 
loaded area/span 
Isotropic plate 
2 v=0.4 E= 1500 NI MM 
Orthotropic plate Ex/Ey =4.0 
Vx = 0.4 Ex = 1500 N 
/MM2 
Moment Mx 
(kNm) 
Moment My 
(kNm) 
Deflection 
(mm) 
Moment Mx 
(kNm) 
Moment My 
(kNm) 
Deflection 
(mm) 
0.025 0.517 0.469 7.28 0.625 0.260 11.77 
0.05 0.440 0.392 7.26 0.531 0.213 11.72 
0.1 0.362 0.315 7.19 0.438 0.166 11.56 
Ef f ects of v. and E. /Ey 
In order to study the effect of EJEY at a fixed value 
of Poisson's ratio, the value of Ex was kept constant and 
2 
equal to 1500 NI mm , whilst the value of EY was taken as the 
variable. The variations of moments and deflection with 
orthotropy in bending stiffness and Poisson's ratio are 
shown in Fig 4.4. The distributions have been normalized 
relative to the moments and deflection for the isotropic 
model with a Poisson's ratio of 0.1. 
Effect of support fixity 
The supports of the simple model were changed to f ixed 
supports. A quarter of the model enabled the effects of 
loaded area, vx and Ex/Ey on the maximum moments and 
deflection to be assessed. 
The influence of loaded area on moments and 
deflections is shown in Fig 4.3. The moments induced by 
the loaded area dimension to span ratio of 0.1 are about 
350-. smaller than those induced by the loaded area dimension 
to span ratio of 0.025. The corresponding reduction in 
deflection is less than 3-0.. Thus, the loaded area effect 
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The effects of E. /Ey and vx on the central moments and 
flexural deflection are illustrated in Fig 4.5. The 
results have been normalised relative to the moments and 
deflection for the isotropic model with a Poisson's ratio 
of 0.1. 
Effect of continuity 
The single symmetry of the continuous decking loaded 
at the centre of the portion between the supports meant 
that half of the decking was required for analysis 
(F ig 4.1) . 
The ef f ects of E. /Ey and vX on the moments and 
deflection are illustrated in Fig 4.6. The results have 
been normalised relative to the moments and deflection for 
the isotropic model with a Poisson's ratio of 0.1. 
Standard isotropic plate responses 
Knowing the influence of vx and Ex/Ey on the standard 
isotropic response (v. = 0.1 and EJEY = 1.0) the precise 
values of the standard responses are also needed. The 
standard isotropic moments and flexural deflection for 
simple, f ixed and continuous plates are summarised in Table 
4.8. P, L and D are the applied load, span and plate 
stiffness, Et 3 /12 (, _V2) , respectively. 
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Table 4.8 Comparison of simple fixed and continuous isotropic decking 
responses v=0.1 loaded area dimension/span = 0.05 
Response Type of decking 
Simple Fixed Continuous 
Central moment, M, (XP) 0.383 0.315(0.82)* 0.358(0.93) 
Central moment, My(xP) 0.311 0.276(0.89) 0.300(0.96) 
Central deflection 
(P in w., =RPL 
2 /D) 
0.0185 0.0071(0.39) 0.0148(0.8) 
Value in bracket is the ratio relative to the simple response 
Transverse edge effect 
In simply supported deckings, the maximum transverse 
moment My occurs near the transverse edge. Hahn (1966) 
states that the maximum My in isotropic deckings occurs on 
the longitudinal axis at 0.32 times the span from the 
transverse edge. 
The effect of Ex/Ey and Poisson's ratio on the maximum 
value of the bending moment My near the transverse edge of 
a simple decking was investigated. By trial and error the 
position of maximum moment My was confirmed to occur at 
about 0.32 times the span from the transverse edge. The 
full results together with the central moment My are shown 
in Table 4.9 for comparison. The error in using the centre 
moment My appears to be between 4 and 6*-.. 
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Table 4.9 Simple supported plate: Comparison of My at centre 
and 0.32L from transverse edge 
E. /Ey M. for v. = 0.1 
!k diff 
My for v. = 0.3 
diff. 
Centre 
(xp) 
0.32L from 
edge(xP) 
Centre 
(xp) 
0.32L from 
edge(xP) 
1 0.311 0.327 5 0.382 0.404 6 
2 0.244 0.259 6 0.286 0.295 3 
3 0.212 0.226 6 0.243 0.253 4 
4 0.193 0.204 5 0.217 0.226 4 
Effect of deviation of G. Y 
from the theoretical value 
The theoretical value of GxY has been assumed in the 
analysis. However, from the experimental characterisation 
in Chapter 3, the measured value of G. Y was 
80'-. of the 
theoretical value. For the results of analysis to be of 
practical use, the effect of deviations of measured G. Y 
from 
the theoretical value, on the moments and deflection need 
to be assessed. Deviations of Gxy from the theoretical 
value of up to +30'1 of the theoretical value were studied 
for the simple and fixed plate models. The maximum 
percentage changes in moments and flexural deflection were 
found to be of the order of +69. - for both isotropic and 
orthotropic plate models. Thus, differences between the 
measured and theoretical values of Gxy of up to 30% of the 
theoretical value of G. Y 
have negligible effect on the 
moments and flexural deflection. 
4.4.3 Shear deflection 
The maximum shear deflection in a simple plate 
coincides with the case when the concentrated 
load is at or 
near the centre of the plate. The 
flexural deflection has 
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been shown to be almost independent of the size of the 
loaded area used in the computation. Deflections are often 
based on a point-load model and the results are slightly 
conservative. A point load has been used in the analysis 
of the shear deflection. 
The important material parameter for shear deflection 
of OSB is the orthotropy in transverse shear modulus, 
GjGyz. The range of the ratio, G. z/Gyzl 
for OSB is between 
1.0 and 4.0. The investigation was limited to the shear 
deflections of simple, fixed and continuous models with 
ratios of thickness to span between 10 and 40. 
For an isotropic decking, the relevant material 
parameter is the shear modulus G. In keeping with 
expressing the problem variables in non-dimensional terms, 
G is defined in terms E. The transverse shear modulus of 
timber is approximately one-sixteenth of the bending 
modulus. This same approximation for the ratio of G/E is 
generally assumed for isotropic boards such as wood 
chipboard. The results of extensive tests in Canada 
reported by Karacabeyli et al (1996) found the ratio of G/E 
for waferboard, (in which the wood strands are randomly 
oriented) to be of the order of 0.031 (1/32). For 
investigative purpose the shear deflection of isotropic 
deckings with G/E in the range between 0.0625 (1/16) and 
0.0125 (1/80) was examined. 
Thick plate deflection is the sum of shear and 
flexural deflections. By multiplying the G., and GY,, values 
by 10 3 in the thick plate element (QTF8) program, 
deflections of comparable accuracy to the thin plate 
element (QF4) program were obtained. Shear deflection, was 
calculated on this basis, via the QTF8 element only. 
fI 
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Ef f ects of G.,. /Gyz 
The mesh size was found to have negligible effect on 
the thick-plate deflection. A mesh size of one-tenth of 
the span was adopted in the analysis. A quarter of the 
simple decking was analyzed. For an isotropic decking 
Gxz : Gyz=G. The shear deflections for various values of G/E 
and span/thickness for the simple isotropic model are 
presented in Table 4.10. In order to better appreciate the 
results, the shear deflections have been also expressed as 
a percentage of the flexural deflection for Poisson's 
ratios of 0.1 and 0.3. The relationship between the shear 
deflection and 1/G is illustrated in Fig 4.7. 
For the determination of the effect of orthotropy in 
transverse shear stiffness, the bending moduli Ex and EY 
2 
were kept constant and equal to 1500 NI mm whilst Gxý was 
taken as 93 . 75 N 
/MM2 (E. /16) 
. For each ratio of span to 
thickness, the value of GYz was made the variable in the 
analysis. The variation of shear deflection with Gx;: /G is YZ 
listed in Table 4.11 and illustrated in Fig 4.8. 
Table 4.10 Effect of G/E on shear deflection of simple isotropic 
decking E= 1500 N/mm 2 
G/E Span/ 
thick 
Shear 
def w. 
(mm) 
Wý/W, M 
for 
%, = 0.1 
W. /W, (%; ) 
for 
v=0.3 
G/E Span/ 
thick 
Shear 
def w. 
(mm) 
W. /w, ck) 
for 
v=0.1 
W. / W, ck) 
for 
v=0.3 
1/16 40 0.392 4.6 5.0 1/32 40 0.780 9.1 9.9 
20 0.192 17.9 19.5 20 0.384 35.8 39.0 
10 0.096 71.4 77.6 10 0.192 143 155.8 
1/64 40 1.540 17.9 19.6 1/80 40 1.930 22.5 24.6 
20 0.767 71.5 77.9 20 0.962 89.7 97.8 
10 0.384 285.8 311.6 10 0.481 
358.2 390.5 
1 
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Table 4.11 Effect of G,, IGy, on shear deflection of simple plate 
Ex = 1500 N/rrMn2 Gxz = E. /16 
G. ý/Gyz 
Span/thick Shear def w. 
(mm) 
G, 
ý/Gyz 
Span/thick Shear def 
W. 
(mm) 
1.0 40 0.392 2.0 40 0.557 
20 0.192 20 0.273 
10 0.096 10 0.135 
3.0 40 0.711 4.0 40 0.857 
20 0.345 20 0.412 
10 0.168 10 0.198 
Effects of support fixity and continuity 
The supports of the simple model were changed to f ixed 
supports in order to assess the shear deflection of a fixed 
decking. The same values of moduli and range of shear 
modulus orthotropy (from 1.0 to 4.0) were used in the 
investigation. The results of the analyses are shown in 
Table 4.12. The dif f erence between the shear def lection of 
the f ixed and simple plates is about 4-0. of the simple span 
deflection. By using the same material properties and 
range of variables, the shear deflection of the continuous 
plate model (Fig 4.1) was investigated. The difference 
between the maximum shear deflection of the continuous span 
was found to be of the order of 2-0. - of the simple span 
deflection. This could have been predicted considering 
that the difference between the shear deflection of the 
simple and fixed deck models is of the order of 40-.. The 
results are consistent with the ASCE (1975) guideline that 
approximate equality of the maximum shear deflection of a 
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simple decking with those for other boundary conditions can 
be assumed in design. 
Table 4.12 Effect of G., 
. 
/Gy. on shear deflection of fixed plate 
Ex = 1500 N/rrCM2 Gz = E. /16 
Gýý/Gyz Span/thick Shear Gxz/Gy_ Span/thick Shear 
def w, def w. 
(mm) (mm) 
1.0 40 0.407 4.0 40 0.819 
20 0.201 20 0.393 
10 0.099 10 0.188 
4.4.4 Reactive forces 
The maximum reactive force in a decking is induced 
when the concentrated load is adjacent to a supporting 
edge. In the case of an orthotropic decking, the maximum 
reactive forces at the longitudinal and transverse supports 
are required. Theoretically, when the applied load is next 
to the support, the maximum reactive force should be mainly 
dependent on the transverse shear stiffness orthotropy 
G., /Gyz and the boundary conditions. 
For the accurate prediction of reactive forces, Cope 
and Clark (1984) emphasised the need for a fine mesh near 
the supported edge because of the steep gradient of stress 
resultants. They found mesh sizes of 8x8 and 16 x 16 on 
a quadrant of a simply supported square plate subjected to 
uniformly distributed load yielded satisfactory support 
reactions. This is a useful mesh discretisation guide. 
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For the validation study, the peak reactive forces in 
simply supported and fixed isotropic plates were determined 
by thin plate and thick plate element analyses. The 
theoretical values of the peak reactive forces are used to 
assess the finite element results. The side dimension of 
the square loaded area in the validation study was 0.05 
times the span. As only the maximum reactive force at the 
supported edge was needed, half of the model was analyzed 
for efficiency. 
A mesh size equal to or smaller than the loaded area 
is necessary for determination of the nodal reactive force. 
A square mesh with side dimensions of half the loaded area 
was used in the analyses (with both QF4 and QTF8 elements) . 
The reactive force output from the thick plate (QTF8) 
finite element analysis was of a "saw-tooth" type 
discontinuity, with peaks at midside nodes. on the other 
hand, a smooth distribution of reactive force was obtained 
from the thin plate element solution. 
Each nodal reactive force was assumed uniformly 
distributed over a length on either side of the node equal 
to half the node spacing. The maximum reactive force was 
characterized by the total reactive force on the side 
loaded edge adjacent to the support (Timoshenko and 
Woinosky- Krieger (1959) . This simulates the continuous 
reactive force in actual deckings. The longitudinal and 
transverse reactive forces for simple and fixed isotropic 
plates are presented in Table 4.13. 
The theoretical maximum reactive force due to a load 
uniformly distributed over a square area and acting near 
the built-in edge of an infinite isotropic cantilever plate 
is 0.81P (Timoshenko and Woinosky- Krieger, 1959) Hahn 
(1966) gives the maximum reactive force in a simply 
supported rectangular plate edge due r-o a square loaded 
area as 0.53P. The critical reactive forces in the thin 
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plate appears to be greater than those in the thick plate. 
This could be related to the infinite shear modulus 
implicit in thin plate analysis. This contrasts the finite 
shear stiffness of E/16 used in the thick plate analysis. 
The thick plate element which accounts for both bending and 
shear properties was used in the rest of the analysis. 
Table 4.13 Effect of element type on reactive force 
E= 1500 N/MM2 V=0.4 G= E/16 
Support type 
Reactive force(xP) 
Thin plate element QF4 Thick plate element QTF8 
Simple 1 0.59 0.50 
Fixed 1 0.79 1 0.66 
Longitudinal edqe reactive force 
Effect of loaded area/span 
A load of 1 kN with ratios of side length of square 
loaded area to span of 0.025,0.05 and 0.1 applied next to 
the longitudinal edge were used to predict the edge forces 
in simple and fixed isotropic plates. For this range of 
loaded area/span ratios considered, the ratio of the total 
reactive force on the loaded edge to the total applied load 
appeared to be constant. 
Ef f ects of v. E. /E and GJG y yz 
G., and Gyz were assumed to be equal to E,, /16 and EY/16 
respectively in the analysis. This enabled the effects of 
orthotropy in bending and shear moduli to be simultaneously 
investigated. The analysis was confined to ratios of EJEY 
, z/Gyz 
between 1.0 and 4.0. The variation of and G,, 
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longitudinal reactive force with orthotropy is presented in 
Table 4.14. Poisson's ratio was found to have negligible 
effect on the peak reactive force. 
Effect of support fixity 
The simply supported plate boundary conditions were 
changed to fixed boundary conditions. The effect of 
orthotropy in stiffness on the reactive forces was then 
investigated using the same procedure as that adopted for 
the simple plate. The results are listed in Table 4.14. 
Table 4.14 Effects of fixity and orthotropy on longitudinal reactive 
force Ex = 1500 N/rMn2 V. = 0.4 Gxz = E. /16 Gyz = EY/16 
Simply supported plate Fixed plate 
EX/Ey Reactive force(xP) Eý/Ey Reactive force(xP) 
1 0.50 1 0.66 
2 0.53 2 0.70 
3 0.56 3 0.72 
4 0.57 4 0.74 
Transverse edqe reactive force 
So far the effects of the model variables on the 
bearing reaction at the longitudinal edge have been 
examined only. For orthotropic decking the maximum 
reactive force at the transverse edges is also required. 
This was determined for both simply supported and fixed 
deckings. The results are given in Table 4.15. 
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Table 4.15 Effects of fixity and orthotropy on transverse reactive 
force Ex = 1500 N/rran' v. = 0.4 Gxz = E., /16 GY, = EY/16 
Simple support Fixed support 
E. /Ey Reactive force(xP) E. /Ey Reactive force(xP) 
1 0.50 1 0.66 
2 0.48 2 0.64 
3 0.46 3 0.63 
4 0.44 4 0.62 
4.4.5 Effective bending width 
The effective width is the length of decking parallel 
to the joist supports which can for practical purposes be 
considered as supporting a particular load. In the case of 
a concentrated load, the effective width increases as the 
load is moved closer to midspan of the decking. The 
effective width is also directly dependent on the plate 
flexibility. The maximum and minimum values of the 
effective width should occur in thin and thick plates 
respectively. As interest is in the determination of the 
effective width to be used for all practical purposes, the 
effective width of wood-based panel deckings with a near 
maximum value of ratio of span/thickness is assessed. The 
maximum value of the ratio of span to thickness of joisted 
panel deckings which is of the order of 40 will be assumed 
in the present investigation. The effective width 
estimated on this basis is regarded as the minimum value of 
ratio of span to thickness that can be used in practice to 
simulate a full-size decking. 
The geometry for the analysis was a long rectangular 
thin plate with width, span and thickness of 4 m, 1m and 
25 mm respectively. The width/span and span/depth ratios 
being 4 and 40 respectively. Specif ically, the study 
covered the influence of bending orthotropy, E. /Ey, 
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Poisson's ratio, vxl shear orthotropy, Gxz/Gy,, support fixity 
and continuity on the ef f ective width. Poisson Is ratio, vx, 
was in the range between 0.1 and 0.4 whilst Ex/Ey and Gxz/Gyz 
were between 1.0 and 4.0. 
Effective width from reactive force distribution 
With the load at the centre of the simple model, the 
longitudinal reactive force and midspan deflection profiles 
can be used to characterise the effective width. The 
analytical deflection profiles are useful for validating 
the analytical effective bending width. The verification 
could be based on perfect or near perfect match of the 
analytical and experimental deflection profiles at midspan. 
In order to define the effective width from the 
analytical reactive force profile, the percentage of total 
reactive force the effective width should support must be 
prescribed. For practical purposes, the width of decking 
which supports 95*-. of the total reactive force is 
considered to be the effective width. The variations of 
the reactive force with distance from centre and of the 
ratio of the cumulative reactive force to total reactive 
force (*-. ) with distance from centre were investigated. 
Ef f ects of vX Ex/Ey and Gx. /Gyz 
The bounds of deflection and reactive force profiles 
should correspond with the bounds of stiffness orthotropy 
and Poisson's ratio. The ef f ect of Poisson Is ratio v. was 
examined by studying the responses for v. equal to 0.1 and 
0.4, whilst other parameters were kept constant. 
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Figs 4.9 and 4.10 show the longitudinal edge reactive 
force and midspan deflection profiles respectively in a 
simply supported decking. The distributions have been 
normalized relative to the maximum reactive force and 
deflection. There was overlap of the profiles for the two 
values of Poisson's ratio, which suggests that Poisson's 
ratio has negligible effect on the profiles. 
Effects of support fixity and continuity 
With fixed boundary conditions for the plate model, 
finite element results were obtained for the same material 
parameters as the simple model. The normalized reactive 
force and deflection profiles are shown in Figs 4.11 and 
4.12. 
Effective width from central stiffness vs width/span 
An alternative method for characterization of the 
effective width is based on the variation of central 
stiffness with width/span ratio of the plate model. The 
long rectangular plate model is assumed as free on the two 
opposite transverse edges and supported on the two 
longitudinal edges (Fig 4.13) . This 
is a commonly used 
configuration in panel testing. The range of width/span 
ratio investigated was between 1.0 and 4.0 for the simple 
and continuous plates. Due to the smaller load spread in 
the fixed model, the range of width/span investigated was 
between 0.4 and 4.0. 
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The stiffness versus width/span ratio for the simple, 
fixed and continuous plates are plotted in Figs 4.14 to 
4.16. Poisson's ratio was found to have negligible effect 
on the normalized stiffness vs width/span ratio and hence, 
on the effective width. Again the width/span ratio with a 
stiffness equal to 95-. of the full-size decking stiffness 
was assumed to characterise the effective width. The 
dependence of the effective width on the prescribed 
percentage (90 and 951) of the applied load the effective 
width must support was evaluated. The result is given in 
Table 4.16 for the purpose of comparison. 
Table 4.16 Ratio of effective width/span of joisted deckings 
Ex = 1500 N/I=2 Gxz = Ex/16 
Reactive Effective width/span for Effective width/span for Effective widch/span 
force fixe d decking for 
& stiffness' simple decking continuous 
decking 
relative to 
full-size 
decking 
values(!; ) 
Eý/Ey=l & Ex/EY=4 & E. /Ey=1 & E. /EY=4 & E. /E'Y=1 & Ex/EY=4 & 
Gx-/Gy==l G_/Gyz=4 G, /Gy: = 1 G_/Gy==4 G. -/Gy: = 1 G_/Gy: =4 
90 1.6(1.5) 1.1(1.2) 0.8(0.9) 0.6(0.6) 
(1.4) (1.0) 
95 2.0(1.8) 1.4(1.4) 
0.7(0.8) (1.7) (1.2) 
Stiffness-based values in bracket 
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4.5 DISCUSSION OF RESULTS 
4.5.1 Critical values and trends in response 
Moments and flexural deflection 
In the case of the patch-load model, a square mesh 
with a side dimension of half of the loaded area dimension 
was found to produce acceptable moments and deflections. 
Cusens and Pama (1975) found this mesh size to be suitable 
for analysis of deckings carrying a load uniformly 
distributed over a rectangular area. 
The point-load response is dependent on the mesh-size 
in the vicinity of the load. The deflection of the point- 
load model converges very rapidly, even a coarse mesh with 
a side length of a quarter of the span yielded an error of 
less than half of one percent. On the other hand, the 
bending moments were found to be highly sensitive to the 
finite element mesh size. A mesh dimension of one-tenth of 
the span produced bending moments which are between 5 and 
100-. greater than the moments in a patch-load model with a 
side dimension of square loaded area of one-twentieth of 
the span. Therefore, this mesh size can be assumed to be 
satisfactory for the calculation of moments and 
deflections. The attraction of the point-load model is 
that knowledge of the size of the loaded area is not 
essential to a designer. This is useful in the preliminary 
design stage. 
The element aspect ratio has negligible effect on the 
deflections, but is critical for the moments. Conservative 
moments are obtained when the ratio of the x-dimension to 
y-dimension of the mesh is greater than unity. 
The point-load model response simulated the response 
due to a patch load with a ratio of square loaded area 
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dimension to span of 0.05. However, the moment under a 
concentrated load is strongly dependent on the loaded area. 
The point-load model proposed will overestimate or 
underestimate the moments depending on whether the ratio of 
actual loaded area dimension to span is greater or less 
than 0.05. In the validation study, the point-load model 
moments were between 5 to 10% greater than the patch-load 
model moments. The peak moments when the ratio of loaded 
area dimension to span is 0.025 is about 170-. greater than 
that with a ratio of loaded area dimension to span of 0.05. 
As a result, the point-load model could underestimate the 
moments due to a patch-load of loaded area dimension to 
span smaller than 0.05 by up to 1201. Deflections based on 
the point-load model are at most 2--. greater than the 
deflections based on a patch-load model. 
The accuracy of the response is increased if an 
accurate representation of the loading is used in the 
analysis (Javadi, 1988). For all practical purposes, 
moments from analysis of a load with a loaded area 
dimension to span ratio of 0.025 should be satisfactory for 
smaller loaded area/span ratios. However, Westergaard 
(1934) and Roark and Young (1975) state that in order to 
avoid singularity of the moments under the load in 
classical plate solution, the diameter of the loaded area 
should not be greater than the plate thickness. Given that 
the thickness in practical floor decking is in the range 
between 0.025 and 0.1 times the span; a loaded area 
dimension of 0.025 times the span can be adopted as the 
lower limit of the loaded area dimension for acceptable 
moments from analysis based on patch loads. 
The value of Poisson's ratio of wood-based panels is 
not commonly determined. The error associated with 
assuming Poisson Is ratio to be zero has been assessed. The 
deflection of an isotropic panel is inversely proportional 
to the Poisson's ratio, v. By assuming v=0.0, 
170 
approximately 10*-. greater deflection than for v=0.3 was 
obtained. Roark and Young (1975) quotes an error 80-. if v 
is assumed to be zero rather than 0.3. In the case of the 
bending moments, larger differences occur from neglecting 
Poisson Is ratio. For instance, in adopting v=0-0 instead 
of 0.3, the moments are approximately 20'1 smaller than for 
v=0.3. Roark and Young (1975) quote an error of 15-06 . 
The deflection is overestimated whilst the moments are 
underestimated. The errors committed in deflection are 
about half the errors in moments. Figs 4.5 to 4.7 show 
that the corresponding errors in the moments and deflection 
in orthotropic plates decrease with increase in orthotropy 
(i. e. error is maximum in isotropic plates). 
The maximum bending moment My in a simply supported 
plate occurs when the point load is on the longitudinal 
axis and 0.32 times the span from the transverse edge. The 
maximum moment My in isotropic and orthotropic deckings is 
about 601 greater than the maximum moment My at the centre of 
the decking. 
Compared to an isotropic plate of modulus E., increase 
of EJEY from 1 to 4 decreases My by between 35 - 60 96, 
whilst Mx increases by between 20 - 25%. The corresponding 
increase in deflection is between 40 - 500-o. Thus, the 
assumption of an isotropic decking of modulus Ex in 
analysis, underestimates Mx and deflection but overestimates 
my. These results reveal the relative significance of 
Poisson's ratio and the cross-stiffness EY of the board 
material. 
The effects of vx and Ex/Ey on deflection and moments in 
simple, fixed and continuous deckings are of similar 
magnitude because of the similarity between the trend 
curves in Figs 4.4 to 4.6. This suggests a similarity 
between the formulae relating deflection and moment to 
degree of orthotropy and Poisson's ratio. The results in 
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Table 4.8 and the trend curves confirm the conclusion in 
Bares (1971), Park and Gamble (1980) and Cope and Clark 
(1984) that while flexural deflection is sensitive to 
support type, moments are almost invariant of the support 
condition. 
Shear deflection 
For span/thickness ratios of 20 and over, the 
allowance for shear deflection in timber beam is 100-o of the 
flexural deflection. This correction presumes a point load 
at the centre of the beam. For a span/thickness ratio of 
20, and assuming the same shear modulus as in timber beam 
of E/16, the shear deflections of simply supported and 
continuous deckings are about 1901 and 23*-. of the 
corresponding flexural deflection respectively. Thus, the 
required shear deflection allowance for point-load on 
joisted deckings appears to be about twice that for centre- 
point loading on beams. A correction equal to about 20-06 of 
the flexural deflection is therefore recommended when the 
ratio of G/E is equal to 0.0625 (1/16) and the 
span/thickness ratio is greater than 20. For 
span/thickness ratios less than 20, the 20% correction will 
underestimate the total deflection. The significance of 
shear deflection in the span/thickness range between 10 and 
20 is clearly obvious. 
For practical purposes the shear deflections of 
simple, f ixed and continuous plates with equal spans and of 
the same material can be assumed to be equal. ASCE (1975) 
confirm the approximate equality of the shear deflection of 
a simply supported panel with those for other support 
conditions. 
Compared to the shear deflection of an isotropic 
decking of shear modulus G.., when G., /GY. is increased f rom 
1 to 2, the shear deflection increases by about 40%. In 
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other words the shear deflection of a decking with a shear 
modulus, GYzj equal to half Gxz is 40*1 greater than that of 
an isotropic decking of shear modulus Gxz* The relationship 
between shear deflection and Gxz/Gyz is approximately linear. 
This gives an indication of the relative significance of 
orthotropy in transverse shear modulus in the calculation 
of shear deflection. 
Reactive forces 
A fine mesh with a side length of half of the square 
loaded area dimensions was found to be satisfactory for 
determination of the reactive forces. 
By using thin plate element analysis, the maximum 
reactive force in a fixed isotropic plate was calculated to 
be 0.79P. This value of reactive force agrees with the 
theoretical maximum of 0.81P. For an isotropic f ixed plate 
with a shear modulus G of E/16, thick plate finite element 
analysis gives a maximum reactive force of 0.66P. The thin 
plate reactive force is about 200-. greater than the thick 
plate reactive force. This may be attributed to the 
inherent infinite transverse shear stiffness of a thin 
plate compared to the finite shear modulus of E/16 assumed 
in the thick plate analysis. Thin and thick plate analyses 
of a simple isotropic decking yielded maximum reactive 
forces of 0.59P and 0.50P respectively. The thin plate 
reactive force is about 18% greater than the thick plate 
force. 
A result of special significance is that in an 
isotropic decking, the maximum longitudinal reactive force 
is equal to the maximum transverse reactive force. 
Increasing the degrees of orthotropy in stiffnesses i. e. 
E. /Ey and G., /Gyz reduces the transverse edge reactive force 
but increases the longitudinal edge reactive force. On 
increasing E. /Ey and G. z/Gyz 
from 1 to 4, an increase of 12% 
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in the maximum longitudinal reactive force occurs. A 
similar magnitude of reduction occurs in the maximum 
transverse reactive force. 
4.5.2 Effective bending width 
The effective bending width has been assessed from the 
longitudinal reactive force distribution and the central 
stiffness. 
Unless the percentage of the total reactive force the 
effective width should support is prescribed, the effective 
bending width will be subjective. In the central stiffness 
method, the percentage of the full-size stiffness the 
effective decking width should simulate should be 
prescribed. For example, for a simple plate, 90 and 95% of 
the full-size stiffness are simulated when the widths are 
1.6 and 2.0 times the span respectively (Table 4.16) . 
Poisson's ratio appears to have negligible effect on the 
normalized reactive force and stiffness profiles and hence 
the effective width. In general, there is good agreement 
between the effective widths from the two approaches. 
Based on the 95th percentile criterion, the effective 
width of simply supported isotropic plates is approximately 
2.0 times the span. The effective width of a fixed panel 
is smaller than that of a simply supported panel of the 
same material and span. Using the 95 percentile criterion, 
the effective width of a fixed isotropic plate is equal to 
the span. 
The effective width is inversely proportional to the 
degree of orthotropy. When the stiffness ratios, EJEY and 
GJGY., approach the upper limit of orthotropy of four, the 
effective widths of simply supported and fixed deckings 
reduce to 1.4 and 0.8 times the span respectively. 
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The effective width of a continuous decking lies 
between those for simple and fixed deckings. It has been 
shown to be 1.5 times the span for continuous isotropic 
deckings, reducing to 1.2 times the span as the degree of 
orthotropy tends to the upper limit of four. 
The effective width has been shown to be equal to 2.0 
times the span. This justifies the use of a plate width of 
four times the span for geometrical model of a joisted 
decking. With the help of these analytical results, 
designers can calculate the effective width of deckings 
rather than rely on rules-of-thumb. 
4.6 CONCLUSIONS 
The finite element analysis technique has enabled the 
determination of the effects of loaded area, E. /Ey, G. ý/Gyz 
Poisson Is ratio, vx and boundary constraints on the critical 
moments, reactive forces, deflection and effective width of 
models of joisted OSB floor. 
The use of point and patch loads for moments and 
deflection computations have been investigated. Accurate 
deflections were obtained with both load models and with 
finite element mesh dimensions as fine as half the loaded 
area dimension or as coarse as a quarter of the span. 
Moments, on the other hand, were strongly dependent on 
the loaded area and finite element mesh size. With the 
patch-load model, a mesh dimension (square) of half the 
loaded area dimension in the vicinity of the load yielded 
satisfactory moments. The point-load model cannot reflect 
the finite area on which a concentrated load acts. 
However, with this model, a mesh (square) dimension of one- 
tenth of the span in the vicinity of the load produced 
moments which are comparable to those due to a patch-load 
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with a near minimum value of ratio of dimension of loaded 
area to span of 0.05. This transitional mesh size which is 
suitable with linear and quadratic finite elements can be 
considered as the counterpart to the use of larger meshes 
away from a point load or a non-critical area in finite 
element analysis. These conclusions are derived from 
simply supported, fixed and continuous orthotropic plate 
models. 
By the use of the patch-load model, the effect of the 
ratio of loaded area dimension to span on the moments in 
simple, fixed and continuous orthotropic deckings was found 
to be almost independent of the support condition, 
Poisson's ratio and the degree of orthotropy in bending. 
The maximum moments are strongly influenced by the 
orthotropy in bending stiffness, EJEY and Poisson's ratio. 
The relationship between the normalized moments and EJEY 
and also between the normalized flexural deflection and 
EJEY for simple, fixed and continuous deckings have been 
shown to be similar. 
As far as the effect of boundary condition is 
concerned, the maximum moments appear to be almost 
invariant of the support fixity. The flexural deflection 
of a continuous decking is approximately equal to that of 
single span decking of equal span and the same material. 
In practice, the experimental and theoretical values 
of GxY are likely to be unequal. Deviations of +30% from 
the theoretical value of GxY produced about +6% change in 
the theoretical moments and flexural deflection. 
The maximum shear deflections of simple, fixed and 
continuous orthotropic deckings of equal span(s) and the 
same material were found to be approximately equal (less 
than 5% differences). Orthotropy in shear modulus strongly 
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influences the shear deflection. The relationship between 
the shear deflection and GjGYz appears to be practically 
linear. 
A finite element mesh size of half the actual loaded 
area gave maximum reactive forces at the supported edges 
which were in good agreement with theory. Relative to the 
maximum isotropic decking reactive force, the maximum 
changes in the longitudinal and transverse edge reactive 
forces were about + 120; 6 and -120-. respectively for 
orthotropic deckings with ratios of EJEY and G., /Gyz equal to 
4.0 
The effective bending width can be assessed from 
either the longitudinal edge reactive force distribution or 
from the variation of central stiffness with width/span 
ratio of the plate. Based on the assumption that the 
effective bending width is the width of decking over which 
950-. of the total reactive force acts, the effective widths 
of fixed and simply supported isotropic deckings were 
established as 1.0 and 2.0 times the span respectively. 
The effective width of a continuous isotropic decking lies 
between those of simple and fixed deckings. Poisson's 
ratio has been found to have negligible effect on the 
effective width. Increasing the degrees of orthotropy in 
stiffnesses, EJEY and G. ý/Gyzj reduces 
the effective width. 
The effective widths determined from the variation of 
stiffnesses with width/span ratio of the decking were in 
good agreement with those based on the distribution of 
reactive force. 
These critical values and trends in response should 
enable the prediction of full-size bending behaviour and 
the development and assessment of simplified design 
calculation methods for joisted OS3 decking. 
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CHAPTER 5 
LARGE-SCALE BENDING TESTS UNDER CONCENTRATED LOAD 
5.1 INTRODUCTION 
The bending and punching shear properties have been 
determined separately in Chapter 3. However, information 
on punching shear-moment capacity is also required for the 
design of full-size decking. 
The complex stress state in the vicinity of a 
concentrated load suggests an experimental approach to the 
characterisation of punching shear-moment behaviour and 
capacity. However, there is no standard test method for 
examining this interaction. 
In developing a full-scale punching shear-moment 
characterisation test, provisions for experimental data on 
both stiffness and effective width can be included for 
validation of the analytical bending model in Chapter 4. 
Consequently, the objectives of the tests were 
(a) to investigate the behaviour and determine the 
stiffness, effective width and punching shear- 
moment capacity of full-size OSB decking, and 
(b) to compare the experimentally measured and 
analytically predicted stiffnesses and effective 
widths. 
In principle, a concentrated load is applied at the 
centre of a single-span decking until rupture or collapse 
occurs. The tests cover simply supported, fixed and 
screwed Sterling board deckings of 18 mm nominal thickness 
(the small-scale properties have already been measured in 
Chapter 3). 
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5.2 METHODOLOGY AND SCOPE 
In order to characterise the behaviour under punching 
shear and bending, the size of the test deckings should 
simulate "as-built" joisted floor deckings. The 
recommended range of span of 15 to 25 mm thick OSB boards 
is commonly between 300 and 600 mm (UKIPA, 1991) . Tests of 
simply supported, fixed and screwed single-span deckings of 
300,450 and 600 mm spans were proposed. 
Theoretically, the width of the test piece should not 
be less than the effective bending width under a point 
load. In Section 4.4.5, ratios of width to span of 2.0 and 
1.0 for simply supported and fixed deckings respectively 
were found to be sufficient for the characterisation of the 
bending behaviour of joisted decking under a concentrated 
load. 
As far as the effect of boundary condition is 
concerned, the effective width is greatest for simply 
supported decking. Verification of the analytical 
effective width of the simply supported decking from the 
variation of central stiffness with width/span ratio was 
therefore proposed and this is the reason for the large 
number of simply supported tests (Table 5.1). 
For the purpose of comparison with the small-scale 
concentrated load test results, a 25 mm diameter loading 
head was also proposed for the full-size tests. 
5.3 TEST PIECE DATA 
5.3.1 Size and number of test pieces 
The test pieces were cut from 2400 mm x 1200 mm by 18 
mm thick Sterling boards, manufactured and supplied by 
Norbord-Highland Ltd. of Inverness, Scotland (Section 3.3) 
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The boards were considered to be representative of normal 
production. 
The verification of effective width was based on tests 
of 300 and 600-mm span simply supported deckings. The 
width/span ratios range from 0.75 to 2.0. Theoretically, 
the minimum width of the fixed OSB decking should not be 
less than the span. A width of 600 mm was adopted for the 
fixed deckings. The sizes of the test pieces for the fixed 
deckings were adopted for the screwed deckings. A summary 
of the size and number of test pieces for the three 
boundary conditions are listed in Table 5.1. 
Table 5.1 Size and number of test pieces 
Test Test piece size Number of tests 
series 
Span(L)* Width (W) Width/Span 
(mm) (mm) 
225 0.75 4 
300 1.00 4 
300 375 1.25 4 
450 1.50 4 
600 2.00 8 
Simply 
supported 
decking 450 600 1.50 8 
450 0.75 4 
600 1.00 8 
600 750 1.25 4 
900 1.50 4 
1200 2.00 4 
300 600 2.00 4 
Fixed decking 450 600 1.33 4 
600 600 1.00 4 
300 600 2.00 4 
Screwed decking 450 600 1.33 
4 
600 600 1.00 4 
.L is the clear span. Actual length of test piece =L+ 
150 mm. 
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5.3.2 Conditioning 
Prior to cutting, the boards forming the sample were 
numbered sequentially. In order to reduce the bias in the 
selection of the test pieces to a minimum, test pieces of 
a given size and for a given support type were cut from 
different positions in different panels. In addition, test 
pieces of a given size and for a given support type were 
cut from two or more panels. 
During the cutting of the test pieces, care was taken 
to ensure that the edges were clear and perpendicular to 
the plane of the board. The surfaces of each test piece 
were marked with the face grain direction of the board and 
a unique alpha-numeric code reflecting the span, width and 
intended support. The test pieces were conditioned in a 
200C and 650-. RH environment by the same procedure used for 
the small-scale test pieces (Section 3.3.4). 
5.4 APPARATUS 
5.4.1 Test rigs 
Two heavy structural steel I-beams formed the rigid 
base to which each test piece was anchored. The I-beams 
were braced laterally at each end by two 6-mm, diameter 
steel rods which passed through the webs of the beams. 
Simple support 
Roller supports should be ideal for a near friction- 
free contact between the supports and the test piece. 
However, roller supports of the length required were not 
available. Two circular hollow steel sections, 48.3 mm 
nominal diameter (outside) and 4.0 mm thick formed the 
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supports. Schematic and general views of the test setup 
are shown in Fig 5.1. 
A centrally loaded rectangular plate, simply supported 
along two parallel edges and free along the other two sides 
could experience lifting at the corners. During the trial 
tests, lifting was not observed in the 300-mm, span test 
pieces. However, lifting was observed in the 750,900 and 
1200-mm wide by 600-mm span test pieces. Therefore, for 
these test pieces, it was necessary that the end restraint 
must reduce lifting, whilst at the same time allow 
horizontal movement and rotation under load. 
Bolts were considered adequate to provide the 
necessary restraint. In order to achieve the prescribed 
end condition, four 8 mm x 25 mm slots, on the centre-lines 
of the supports and 25 mm from the edges were made on the 
750,900 and 1200-mm wide test pieces. Drilled holes 
through the tubular steel support and perspex washers 
accommodated the bolts. Schematic and close-up views of 
the end restraint are shown in Fig 5.2. 
Fixed support 
Fixed support was simulated by bolting the test piece 
to the I-beam support (Fig 5.3). The test piece, 
positioned between 40 x 40 x5 mm steel equal angle 
sections and 38 x 38 mm SC3 Whitewood timber strips, was 
fixed to the T-beams by ten 6-mm diameter bolts. The bolt 
nominal spacing was 150 mm with an allowance for end 
clearance of 10 mm. Schematic and general views of the 
support in position are shown in Fig 5.3. 
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Fig 5.3 Schematic and general view (with loading bars during trial test) 
of test setup for fixed decking 
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Screwed support 
In practice, sheet material deckings are commonly 
fixed by either nails or screws. Screws were selected 
because of the ease of fixing and removal of the test piece 
and the associated re-use of the supporting timber strips. 
Two 38 x 38 mm SC3 Whitewood timber strips served as 
the bearing for the screwed test pieces. Each strip was 
fixed to the flange of the steel I-beam by five 6-mm 
diameter bolts. Schematic and general views of the test 
setup are shown in Fig 5.4. 
The intended degree of edge fixity of the test piece 
was the minimum recommended in design practice. This 
corresponded with the maximum permissible screw spacing at 
panel edges of 300 mm and an end clearance of 10 mm (UKIPA, 
1991). The test piece was fixed to the joists by 1XII (45 
mm) long No. 10 countersunk case hardened screws. This 
screw length complied with the UKIPA OSB 1: 1991 recommended 
screw length of not less than 2.5 times the thickness of 
the board. The timber bearing strip satisfied the end 
distance requirement of not less than six times the 
diameter of the screw. 
5.4.2 Loading and deflection measurement 
The load was applied from a Universal-type Satec 
mechanical testing machine which measured the load to the 
nearest 0.01 N. 
One of the objectives of the tests is to compare the 
experimental and theoretical deflection profiles. 
Therefore, deflections were measured at discrete points 
along midspan of each test piece. 
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For the 225-mm wide test piece, five points for 
measurement of deflection were practicable (Fig 5.5). 
Seven deflection measurements were taken on the 300,375 
and 450-mm wide test pieces, whilst nine measurements were 
taken on the 600 to 1200-mm wide test pieces. The 
deflections were measured at the centre, quarter-widths, 
near the free edges and intermediate positions as 
appropriate. 
The deflections were measured by LVDTs which were 
previously calibrated by slip gauges. The applied load and 
resulting deflections were recorded at two seconds interval 
by both data logger and computer. 
In order to obtain precise deflection measurements in 
a concentrated load test, the bearing deformation of the 
joist support should be excluded. This requirement is 
critical near the point of application of the load. A LVDT 
mounting f rame with legs which seat on that part of the top 
surface of the board direct over the joists reduced the 
bearing ef f ects (Fig S. 1) . The offset of the central 
longitudinal bar from midspan was such that when the LVDTs 
are clamped into position their plungers lie along midspan. 
The deflection at the centre (under the load) was measured 
by a LVDT mounted on the moving loading head and whose 
plunger rested on the LVDT mounting frame (better shown in 
Fig 5.2). Thus, the frame served as the LVDT support and 
zeroing deflection system. A simple system of ropes 
attached to the machine crosshead enabled the hoisting and 
placement of the steel frame at the end and start of each 
test respectively. 
188 
75 37.5 75 37.5 37.5 
S3022V2 S3030 
Cl CL 
E /0 AIB1 
E 
0 /'A I /-B I 
"C 
I 
0 
0 
112.5 150 
75 75 75 75 
S3060 S4560 S6060 
F3060 F4560 F6060 
SC3060 SC4560 SC6060 
ZZ ,0 04 /A I //B IcI DI 
Ln 
300 
75 75 37.5 
-7z -- 
S30371/2 
E ý, () ,A1, BI "CI 
187.5 
150 75 75 150 
S6090 
c ein 
Al 
E 
10 
75 75 75 
vi S3045 
E S6045 
E 
0 C) oAIBI 
10 
I- 
8 
L 225 
150 75 75 75 
S6075 
a ro CL 
E0 Al BI cl DI 
0 0 
10 
37 -5- 
150 150 150 150 
S60120 
CL 
lit 
cl DIAC, DI 
10 
----450 
Point of deflection measurement 
Dimensions in mm 
lz 
ýl 
Fig 5.5 Points of deflection measurements on test deckings 
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5.5 PROCEDURE 
On removal of the test piece from the conditioning 
chamber, the thickness was measured. The centre-line of 
the supports and the centre of the 25-mm diameter loading 
head were marked on the test piece. The test piece was 
assembled as specified in Section 5.4. 
The central concentrated load was applied through a 
25-mm diameter applicator until rupture of the test piece 
occurred. The duration to maximum load was (300 + 120) 
seconds in accordance with EN TC 124.109: 1990 "The 
performance of structural floor decking". Uniform rates of 
machine crosshead movement of 3.0,2.3 and 1.4 mm/minute 
for the 600,450 and 300 mm spans respectively were found 
to meet the duration of loading requirement. 
Salient features of the test piece behaviour were 
recorded during the test, in particular, descriptions of 
the manner and type of failure. The extent and type of 
rupture were also recorded, including the size and shape of 
the cracks. 
5.6 RESULTS 
For each test piece, the stiffness, maximum load, 
deflection at maximum load, duration to maximum load and 
type of failure were determined. The important 
quantitative data from the tests are given in Tables 5.2 to 
5.6. The test pieces are identified by the notation X3060; 
30 and 60 are the span and width of the test piece in 
centimetre, whilst X represents the support type, 
S(Simple), SC(Screwed) and F(Fixed). 
The stiffness is strictly the central stiffness, 
defined as the load per unit central deflection. It is 
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computed from the linear region of the load-deflection 
curve between O. 1FTnax and OAFnIax, where Flyx is the maximum 
load. The coefficients of variation were determined for 
the series of similar tests comprising 8 test pieces. The 
corresponding values for the 4-test piece series were not 
considered meaningful and were not determined. 
The load-central deflection curves for the test pieces 
are plotted in Figs 5.6 to 5.22. In addition, typical 
load-deflection curves along midspan are shown in each 
figure. 
A linear load-def lection stage occurred up to at least 
650-. of the maximum load depending on the span, width and 
support condition. The LVDTs deflections at positions 
other than under the load indicates the deflections of the 
test piece because there is no associated indentation. In 
the linear load-deflection stage, the crosshead 
displacement can be assumed equal to the deflection of the 
test piece at the point of loading. Surface indentation 
was negligible in this linear region. Beyond the linear 
stage and especially after the attainment of maximum load, 
care is needed in the interpretation of the crosshead 
displacement, as the latter is now equal to the sum of the 
test piece deflection and the indentation into the test 
piece by the punch. The indentation varies with the width, 
span and support condition. For example, the 300 mm span 
x 300 mm wide simply supported test pieces which failed in 
bending, experienced negligible indentation. In the case 
of the 300 mm span x 600 mm wide simple test pieces, which 
experienced punching shear failure, the indentation into 
the test pieces was about 15 mm. 
As far as the mode of failure is concerned, bending 
failure is identified by the symbol B in Tables 5.2 to 5.6. 
The length of the tension crack at the underside of the 
failed test piece is given in brackets. CC in the brackets 
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means the crack closed after removal of load. In all other 
cases, there was penetration into the thickness of the test 
piece by the punch. Subsequently, two types of crack 
pattern occurred at rupture, which appeared to be 
associated with punching and bending failures. In Tables 
5.2 to 5.6, PU indicates a punching failure, whilst PU- 
B(xxx) means a progressive failure, starting with punching 
into the test piece and ending in a bending failure and xxx 
(in brackets) is the length of the longitudinal line crack 
at midspan which characterized the bending failure. The 
behaviour of the simply supported, fixed and screwed test 
deckings are now described. 
5.6.1 Simply supported decking 
The load-central deflection curves for the simply 
supported test deckings are shown in Figs 5.6 - 5.16. At 
low loads the load-deflection relationships are 
approximately linear. The subsequent behaviour is 
dependent on both the width and span of the decking. 
300 mm span 
The load-central deflection curves for the 225 and 
300-mm wide test deckings (Figs 5.6 and 5.7) are typical of 
bending behaviour. Rupture of the test deckings was sudden 
and sharp. A line crack occurred about midspan of the 
bottom surface of each test piece, which suggests a 
flexural tension failure. 
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Table 5.2 300-mm span simply supported decking: stiffness maximum load and 
failure mode 
Test Thick- Width Stiffness Maximum Deflection at Duration to Type of 
piece ness (load/def) load maximum load maximum failure 
(mm) load 
(mm) (kN/mm) (kN) (mm) (sec) 
1S3022% 19.44 0.85 4.54 6.66 320 B (120) 
2S3022% 19.71 0.91 4.32 5.58 264 B(150) 
225 
3S3022% 19.39 0.90 3.86 5. SO 263 B(125) 
4S3022% 19.88 0 . 86 3.83 5.54 266 B(60) 
Mean 19.60 0.88 4.14 5.82 278 
1S3030 20.80 1.10 5.21 6.57 327 B(CC) 
2S3030 20.2S 1.08 4.62 5.31 270 B(CC) 
300 
3S3030 19.78 1.13 4.83 5.93 294 B(300) 
4S3030 19.12 1.00 5.03 6.01 315 B(CC) 
Mean 19.99 1.08 4.92 5.96 301 
1S3037% 18.86 1.10 5.02 5.19 260 PU-B(225) 
2S3037% 19.25 1.04 4.51 4.92 242 PU-B(260) 
375 
3S3037% 19.44 1.17 4.81 4.87 252 PU-B(260) 
4S3037% 19.58 1.08 4.80 4.98 247 PU-B(170) 
Mean 19.28 1.10 4.79 4.99 250 
1S3045 19.35 1.01 4.66 4.96 256 PU 
2S3045 19.18 1.15 5.01 4.53 234 PU 
450 
3S3045 18.90 1.12 S. 12 4.49 242 PU 
4S3045 19.03 1.22 5.01 4.19 253 PU 
Mean 19.12 1.13 4.95 4.54 246 
1S3060 18.73 1.02 4.87 5.17 266 PU 
2S3060 18.67 1.09 5.08 5.77 302 PU 
3S3060 18.64 1.06 5.05 5. S3 282 PU 
4S3060 18.75 1.15 5.03 5.32 272 PU 
600 
5S3060 19.45 1.21 5.30 5.77 294 PU 
6S3060 19.79 1.06 4.73 5.77 270 PU 
7S3060 19.23 1.16 5.35 6.01 302 PU 
8S3060 19.91 1.04 4.91 6.43 312 PU 
Mean 19.15 1.10 5.04 5.72 287.5 
COV(%) 2.56 5.70 3.89 6.47 5.6 
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Table 5.3 600-mm span simply supported decking: stiffness maximum load and 
failure mode 
Test 
piece 
Thick- 
ness 
Width Stiffness 
(load/def) 
Maximum 
load 
Deflection at 
maximum load 
Duration to 
maximum 
Type of 
failure 
load 
(mm) (mm) (kN/mm) (kN) (mm) (sec) 
1S6045 19.70 0.25 3.65 15.93 300 B (CC) 
2S6045 19.78 0.25 2.80 14 . 30 268 B (450) 450 
3S6045 19.04 0.28 4.16 16.56 308 B (230) 
4S6045 19.28 0.26 2.92 14.03 242 B (CC) 
Mean 19.45 0.26 3.38 15.21 280 
1S6060 19.42 0.29 2.93 13.00 294 PU-B(400) 
2S6060 19.85 0.32 3.13 12.65 284 PU-B(60) 
3S6060 19.21 0.32 2.97 13.37 272 PU-B(210) 
4S6060 19.59 600 0.33 2.98 11.46 260 PU-B(340) 
5S6060 20.29 0.33 3.14 12.83 294 B(CC) 
6S6060 19.72 0.33 3.13 16.27 370 PU-B(110) 
7S6060 19.32 0.29 2.85 13.66 308 B(CC) 
8S6060 19.64 0.29 3.18 12.53 257 PU-B(480) 
Mean 19.63 0.31 3.47 13.22 292.4 
COVM 1.63 5.78 14.88 9.83 11.51 
1S6075 18.84 0.36 4.15 12.00 244 PU-B(100) 
2S6075 19. SS 0.35 3.88 13.92 311 PU 
750 
3S6075 19.20 0.31 4.20 15.08 306 PU 
4S6075 19.34 0.34 4.16 12.98 264 PU-B(130) 
Mean 19.23 0.34 4.10 13.50 281 
1S6090 19.37 0.40 4.10 11.56 231 PU 
2S6090 19.03 0.35 3.83 10.86 216 PU 
900 
3S6090 18.91 0.31 4.11 12.63 248 PU 
4S6090 18.79 0.35 4.09 13.20 258 PU 
Mean 19.03 0.35 4.03 12.06 238 
1S60120 19.73 0.42 4.47 12.70 262 PU 
2S60120 19.52 0.37 4.12 11.88 245 PU 
1200 
3S60120 19.13 0.38 4.21 12.04 248 PU 
4S60120 18.92 0.38 4.34 12.27 240 PU 
Mean 19.33 0.39 4.29 12.22 249 
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Table 5.4 450-mm span simply supported decking: stiffness maximum load and 
failure mode 
Test Thick- Width Stiffness Maximum Deflection at Duration to Type of 
piece ness (load/def) load maximum load maximum failure 
load 
(mm) (mm) (kN/mm) (kN) (mm) (Sec) 
IS4560 20.10 0.56 3.94 7.93 230 PU-B (14 0) 
2S4560 19.82 0.52 3.94 7.78 228 PU 
3S4560 19.22 0.54 4.50 9.84 288 PU 
4S4560 19.57 0.56 4.66 9.25 269 PU 
600 
5S4560 19.45 0.58 4.46 8.92 258 PU 
6S4560 19.41 0.55 4.63 9.34 274 PU 
7S4560 19.14 0.57 4.61 10.30 290 PU 
8S4560 19.98 0.58 4.76 10.70 306 PU-B(140) 
Mean 19.59 0.56 4.44 9.26 267 
COV(%) 1.68 3.4 6.76 10.50 9.8 
Table 5.5 Fixed decking: stiffness maximum load and failure mode 
Test Thick Span: width Stiffness Maximum Deflection at Duration to Type of 
piece -ness (load/def) load maximum maximum failure 
load load 
(mm) (mm: mm) (kN/mm) (kN) (mm) (sec) 
1F3060 17.95 0.97 5.36 6.34 360 PU 
2F3060 18.30 0.93 S. 16 8.10 400 PU 
300600 
3F3060 19.26 1.05 5.60 6. S1 328 PU 
4F3060 18.95 0.96 4.46 6.16 390 PU 
Mean 18.62 0.98 5.15 6.78 370 
1F4560 19.55 0.58 4.61 8.31 232 PU 
2F4560 19.31 0.54 4.09 8.10 223 PU 
4506 00 
3F4560 20.03 0.66 5.24 9.63 272 PU 
4F4560 19.62 0.62 5.10 10.71 300 PU 
Mean 19.63 0.60 4.76 9.19 257 
1F6060 19.30 0.37 3.99 12.70 2S4 PU 
2F6060 20.07 0.36 4.47 10.32 290 PU 
600600 
3F6060 19.11 0.36 4.45 14.73 294 PU 
4F6060 19.30 0.37 4.35 13.00 272 PU- 
B(450) 
Mean 19.45 
1 1 
0.37 
1 
4.31 12.69 
1 
278 
1 
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Table 5.6 Screwed decking: stiffness maximum load and failure mode 
Test Thick- Span: width Stiffness Maximum -1 
. ,. Deflection at Duration to Type of 
piece ness (load/def) load maximum maximum failure 
load load 
(mm) (mm. mm) (kN/mm) (kN) (mm) (sec) 
1SC3060 18.54 1.18 5.59 6.23 300 PU 
2SC3060 18.47 0.98 5.08 9.38 426 PU 
300: 600 
3SC3060 19.23 1.19 5.73 5.04 242 PU 
4SC3060 19.10 0.93 4.64 8.36 376 PU 
Mean 18.84 1.07 5.19 7.25 337 
1SC4560 18.74 0.54 4. S5 8.02 219 PU 
2SC4560 18.78 0.58 4.55 8.00 220 PU-B(360) 
450600 
3SC4560 18.68 0.56 4.68 8.71 245 PU-B(450) 
4SC4S60 19.13 0.57 4.71 8.08 226 PU 
Mean 18.83 0.56 4.62 8.20 228 
1SC6060 19.73 0.30 4.01 16.10 353 PU-B(440) 
2SC6060 18.87 0.32 3.70 13 . 00 284 PU-B(360) 600: 600 
3SC6060 18.87 0.31 3.80 14.12 370 PU-B(370) 
4SC6060 19.30 0.34 3.80 12.17 262 PU 
Mean 19.19 0.32 3.83 13.85 317 
Although the bending capacity increases when the width 
is increased to 375 mm, failure was still by bending. A 
progressive failure mode which starts with penetration into 
the test piece by the punch and a sudden bending collapse. 
A gradual transition from bending collapse to punching 
failure occurs as the width increases from 375 to 450 mm. 
The mode of rupture of the 600-mm wide test pieces was 
characteristic of punching shear. The typical long tail of 
the load-deflection curves is similar in shape to that in 
the small-scale concentrated load test. 
In general, there appears to be a transition of the 
rupture mode f rom bending to punching shear with increasing 
width/span ratio. Test pieces with width/span ratios from 
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0.75 to 1.0 exhibited a bending failure mode. A punching 
failure mode was observed in test pieces with width/span 
ratios from 1.5 to 2.0. Bending and punching shear 
ruptures occurred in test pieces with width/span ratios 
between 1.0 and 1.5. 
450 mm span 
The load-deflection curves for the 450-mm span test 
pieces suggest a combined bending and punching shear 
behaviour. Two of the eight test pieces collapsed in 
bending with longitudinal cracks occurring at about 
midspan. The remaining six test pieces experienced 
punching shear type rupture, characterised by localised f an 
cracks under the load. 
600 mm span 
The load-deflection curves for the 450 and 600-mm wide 
test pieces are typical of bending behaviour. There was no 
penetration into the test piece by the punch. 
Both bending and punching ruptures occurred in the 600 
and 750-mm wide test pieces (Table 5.3). The rupture mode 
of the 900 and 1200-mm wide test pieces was by punching. 
A fan crack pattern was observed at the underside of each 
test piece. Lifting was not observed on the 750,900 and 
1200-mm wide test pieces. The use of the end anchors for 
these test pieces appeared to have achieve the intended 
purpose. The sustained secondary punching shear resistance 
phase of the load-deflection curves is similar to that in 
the small-scale concentrated load test in Chapter 3. 
However, the difference in the intensity and redistribution 
of local stresses during this secondary phase could have 
accounted for the continuous loss of capacity in the small- 
scale test whereas the capacity in the full-size test was 
practically constant until rupture. 
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In general, the failure modes of the 300 and 600-mm 
span test pieces appear to change gradually f rom bending to 
punching shear with increasing width/span ratio. The 
sustained capacity of the 600 mm span x 1200 mm wide 
(S60120) test pieces during the secondary punching shear 
stage, attributed to the larger load spread in bending 
contrasts the gradual loss of capacity of the 300 mm span 
x 600 mm wide (S3060) test pieces. 
5.6.2 Fixed decking 
In the 300-mm span test series, there was a sharp and 
sudden penetration into the thickness of the board (Figs 
5.17 - 5.19). This contrasts the gradual penetration into 
the thickness of the test piece (f or a period between 4 and 
6 minutes) in the case of the 300 mm, span x 600 mm wide 
simple deckings. 
The failure mode of the 450-mm span decking was 
similar to the 300-mm span decking. Failure in the 600-mm 
span series was by sudden penetration into the thickness of 
the test piece in three of the four test pieces and by 
bending in the fourth. This contrasts the bending collapse 
of all eight 300-mm span simply supported test deckings 
(Table 5.3). 
5.6.3 Screwed decking 
The load-deflection curves are shown in Figs 5.20 to 
5.22). Punching shear-type ruptures were observed in the 
300-mm span deckings. Both bending and punching shear type 
ruptures were observed in the 450 and 600-mm span deckings. 
In the 600-mm span series (SC6060), three of the four test 
pieces collapsed in bending and there was no penetration 
into the thickness by the punch. The fourth test piece 
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exhibited a punching shear type of failure with the 
characteristic penetration into the thickness by the punch. 
Comparison of the simple, fixed and screwed load- 
deflection curves and failure modes suggests that the 
behaviour of the screwed deckings appears to be a cross 
between the fixed and simple deckings. However, there is 
a closer resemblance of the behaviour to the simple decking 
rather than the fixed decking. This substantiates the 
assumption of simple support made in the routine design of 
screwed deckings. 
5.7 DISCUSSION OF RESULTS 
Classification of behaviour 
The decking behaviour can be classed into three 
groups. First, there is a class of decking which exhibited 
typical bending behaviour (Fig 5.23). The load-deflection 
curve is similar to that for small-scale bending in Chapter 
3. Rupture is sudden and sharp, and characterised by 
distinct longitudinal flexural tension crack at the 
underside of the test piece. Typically the width/span 
ratio is not greater than unity. 
A second class of decking displayed load-deflection 
curve and/or localised crack under the load which is 
similar to that obtained in the punching shear test in 
Chapter 3. This failure mode occurs in deckings with 
width/span ratio of the order of two. There was 
penetration into the thickness of the test decking by the 
punch and a punching shear type of rupture eventually 
occurred. However, there is a distinct difference between 
the nature of ductility exhibited by the 300 and 600-mm. 
span deckings. The greater load spread in 600-mm. span 
decking may have enabled the load capacity to be sustained 
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Fig 5.6 Simple decking S30221/2: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.7 Simple decking S3030: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.8 Simple decking S30371/2: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.9 Simple decking S3045: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.10 Simple decking S3060: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
204 
5 
4 
3 
(a) 
span 450 mm 8S4560 6S4560 
width 600 mm 
4S4560 
2 2S4560 S4560 
IS4560 
7S4560 
3S4560 
5S4560 
1S4560 2S4560 3S4560 4S4560 
5S4560 6S4560 7S4560 8S4560 
05 10 is 20 25 
Central deflection (mm) 
4 
3 
z 
414 
0 
__j 
n 
(b) 
/ 
D2 C2 82 A2 0 
DIcIBIAI 
D2 C2 B2 A2 0 Al BI Cl DI 
4S4560 
(2) 02468 
Deflection (mm) 
Fig 5.11 Simple decking S4560: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.12 Simple decking S6045: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.13 Simple decking S6060 (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.14 Simple decking S6075: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.15 Simple decking S6090: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.16 Simple decking S60120: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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Fig 5.17 Fixed decking F3060: (a) load-central deflection curves and 
(b) typical load-deflection curves for points along midspan 
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until sudden rupture occurs. The gradual loss of load 
capacity that precedes rupture in the 300-mm. span decking 
may be associated with the smaller load spread. 
A third class of decking with ratios of width to span 
between 1.0 and 1.5, exhibited both bending and punching 
ruptures. The shape of the load-def lection curves seems to 
be a cross between the load-deflection curves for bending 
and punching shear. 
5.7.1 Stiffness 
The discussion of the stiffness results is centred on 
the comparison with the analytical results. The analysis 
is based on small-deflection plate theory. Prior to the 
determination of the analytical stiffness, the validity of 
the small -deflection plate theory is checked for compliance 
with the test results. The key requirement is that the 
deflection under service load must not be greater than half 
of the thickness of the decking. The thickness of the test 
decking is 18 mm, therefore, the maximum allowable 
deflection for the applicability of the theory is 9 mm. 
The greatest deflection occurs in the 600-mm span simply 
supported deckings. In this span, the loads corresponding 
to deflections of 9 mm are over half of the maximum loads 
(Figs 5.12 to 5.16). As the allowable service load is 
generally of the order of 20 to 3001 of the maximum load, 
the small-deflection plate bending theory should be 
suitable for the design of deckings in the span range 
between 300 and 600 mm. 
Stiffness in the current context means load per unit 
central deflection. The measured deflection is inclusive 
of shear deflection. The isoparametric thick plate 
element, QTF8, of the LUSAS finite element package which 
accounts for shear deformation was used to determine the 
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analytical stiffness. 
Numerical modelling 
The numerical analysis of the bending behaviour 
requires input of material and geometric data about the 
structural model. In this regard, the planform is the 
actual width and span of the test piece. The thickness is 
the average thickness of the test pieces (Tables 5.2 to 
5.5). 
The bending and shear properties of the test boards, 
(18 mm nominal thickness) have been determined and 
summarised in Table 3.14 of Section 3.8. The mean 
structural properties are 
Ex = 5250 N 
/MM2 Ey = 1910 N 
/MM2 vx = 0.23 
Gxz = 68 N/mm' Gyz 
2 
=55 N/mm 
2 
Gxy = 1230 NI mm 
Elastic stiffness is independent of the load level. 
All f inite element calculations was based on a centre point 
load of 1 kN. The concentrated load was assumed as acting 
on a 25 mm square area instead of the 25 mm diameter 
circular area used in the test. The square loaded area was 
preferred to the circular area because it can be easily 
accommodated in the rectangular finite element mesh. The 
deflections under a square area (side dimension, a) and a 
circular area (diameter, a) are assumed to be equal. A 
fine mesh 12.5 mm x 12.5 mm was used in the vicinity of the 
concentrated load. Symmetry in both geometry and loading 
allowed a quarter of the decking to be analyzed. Analysis 
was carried out for each width/span ratio of the fixed and 
simple supports deckings. The central deflection and 
midspan deflection profile were determined. The analytical 
deflection profile is to be used in Section 5.7.2 for 
comparison with the experimental deflection profile and 
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hence validate the effective width. Table 5.7 is a summary 
of the analytical and experimental stiffnesses. 
Simple decking 
The experimental stiffnesses of the simply supported 
deckings were consistently greater than the analytically 
predicted stiffnesses. The average difference between the 
stiffnesses is +26% for the 300-mm span decking and +12% 
for the 450-mm span decking. The difference for the 600-mm. 
span decking is +10%. The analytical model underpredicts 
the deflection. 
The difference between the experimental and analytical 
stiffnesses is a reflection of the difference between the 
analytical and experimental models. Frictional resistance 
at the interface between the steel tubular supports and 
test piece contrasts the zero friction assumed in the 
analytical model. This could explain the greater stiffness 
of the experimental model (test decking) compared to the 
analytical model. 
The difference between the analytical and experimental 
stiffnesses seems to increase with decrease in span. This 
could be due to the increase in the intensity of reactive 
force (and thus frictional force) with decrease in span. 
The test results for the 300-mm span decking appear to 
suggest that the difference between analytical and test 
stifffnesses increases with the width/span ratio. This is 
confirmed in the 600-mm span series. This could be related 
to the effect of the cross stiffnesses EY and GYz and even 
the panel stiffness Gxyj, and the additional errors, to the 
differences between the mean values of properties used in 
the analysis and the mean properties of the test boards. 
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Table 5.7 Comparison of analytical and experimental stiffnesses 
Test series Average Width: span Stiffness (kN/mm) 
thick- 
ness 
(mm) (mm: mm) 
Experimental Analytical ir difference 
(exp) (ana) (exp - ana)/ana 
Simple decking 
S3022% 19.60 225: 300(0.75) 0.88 0.74 19 
S3030 19.99 300: 300(1.00) 1.08 0.87 24 
S3037% 19.28 3 75 :300 (1.25) 1.10 0.85 29 
S3045 19.12 450.300 (1.50) 1.13 0.86 31 
S3060 19.15 600: 300(2.00) 1.10 0.88 25 
Simple decking 
S4560 19.59 600: 450(l. 33) 0.56 0.50 12 
Simple decking 
S6045 19.45 450: 600(0.75) 0.26 0.25 4 
S6060 19.63 600: 600(1.00) 0.31 0.29 7 
S6075 19.23 750: 600(1.25) 0.34 0.30 8 
S6090 19.03 900: 600(1.50) 0.35 0.30 17 
S60120 19.33 1200: 600(2.00) 0.39 0.34 is 
Fixed decking 
F3060 18.62 600: 300(2.00) 0.98 1.20 -18 
F4560 19.63 600: 450(l. 33) 0.60 0.86 -30 
F6060 19.45 600: 600(1.00) 0.37 0.58 -36 
Fixed decking 
In the case of the fixed deckings, the analytical 
stiffnesses are consistently greater than the experimental 
stiffnesses. The difference between the stiffnesses range 
from 18 to 360-. (Table 5.7) . The difference between the 
stiffnesses is believed to be related to the difficulty in 
achieving a condition of full edge fixity in the test 
decking. According to Roark and Young (1975), a slight 
slip at a fixed edge relieves the stresses at the edge 
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while increasing the deflection and centre stresses. In 
fact, it is for this reason that it is usually advisable to 
design fixed-edge plates or deckings for somewhat higher 
centre stresses than are indicated by theory. 
The difference between the test and analytical 
stiffnesses increases from 18 to 360-. when the width/span 
ratio is increased from 2.0 to 1.0. The smaller dispersion 
and hence greater slip in the deckings with smaller 
width/span ratio is a possible explanation for this trend. 
Screwed decking 
There appears to be 
stiffnesses of the screwed 
the same width/span ratio. 
screwed decking can be 
modelled by the stiffne. c 
supported decking. 
minimal difference between the 
and simply supported deckings of 
Therefore, the stiffness of the 
assumed to be satisfactorily 
,s of the corresponding simply 
5.7.2 Deflection profiles and effective width 
Effective width from deflection profiles 
One of the methods of verifying the effective width is 
to compare the analytical and experimental deflection 
profiles. Perfect overlap of the analytical and test 
deflection profiles suggests that the theoretical and 
experimental effective width are similar. otherwise, the 
experimental deflection profile will have to be compared 
with other analytical deflection profiles in order to 
estimate the effective width. 
The experimental and analytical deflection profiles at 
midspan at a load of 1.5 kN were assumed to characterise 
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the deflection profile under linear elastic condition - The 
analytical deflections, inclusive of shear deflections, 
were determined by finite element analysis. The 
deflections (at a load of 1.5kN) at the various LVDTs 
positions along midspan were deduced from the load- 
deflection readings. The measured and computed deflections 
along midspan of each test decking are plotted in Figs 5.24 
to 5.31. 
A characteristic feature of the curves in each series 
is the symmetry. Near-perfect match of the analytical and 
test deflections occurs for the 300 mm span x 600 mm wide 
simply supported deckings (S3060) and the 600-mm span 
simply supported deckings i. e. the S4560, S6060, S6075, 
S6090 and S60120 series. Thus, the analytical effective 
width for these deckings could be assumed to be implicitly 
verified. 
When the analytical deflection is markedly different 
from the experimental deflection, matching of the 
normalized profiles can be used to confirm the analytical 
effective width. This is required in the case of the fixed 
deckings and the 300-mm span simply supported deckings 
(except the S3060 series). As the shapes of the 
experimental and analytical deflection curves are almost 
identical, there was near-perfect overlap of the analytical 
and experimental normalized profiles. 
The measured deflection profiles of the screwed 
deckings are shown in Fig 5.31. Included in the same 
figure are the analytical deflection profiles when the 
support conditions of the screwed deckings are assumed to 
be simple and fixed. The comparisons show that a simply 
supported model rather than a fixed model better predicts 
the screwed decking response (and hence, the effective 
width). 
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Effective width from central stiffness vs width/span 
An alternative method for the determination of the 
effective width is based on the variation of the central 
stiffness with width/span ratio. The stiffness vs 
width/span curves for the 300 and 600-mm span simply 
supported test deckings are shown in Fig 5.32. 
Theoretically, when the curve becomes asymptotic to a 
horizontal line, practical equilibrium is indicated and the 
effective width has been achieved. When equilibrium 
condition is approached, minimal change in stiffness occurs 
for a large change in width/span ratio. 
It is noted that where four test results are used to 
characterise the stiffness (or capacity) one or two 
relatively low or high results may significantly affect the 
mean stiffness (or capacity). As the relatively low or 
high values are likely to be randomly distributed, the 
general trend can be defined from the plot of the mean 
values. For the 300 mm span, with a span/thickness ratio 
is 16.7, when the width/span ratio is greater than 1.0, the 
points that define the curve practically lie on a 
horizontal line (Fig 5.32). There is an increase in 
stiffness of 2- 5-. when the width/span ratio is increased 
from 1.0 to 2.0. This small change in stiffness for a 100% 
change in width/span ratio suggests that the effective 
width is of the order of 1.0 times the span. 
For the 600 mm span, with a span/thickness ratio of 
33.7, a change in stiffness of 150-. occurs for a 6001 
increase in width/span ratio from 1.25 to 2.0. The 
stiffness versus width/span ratio curve is almost 
horizontal when the width/span ratio is of the order of 
1.5. The analytically predicted effective width is 1.75 
times the span. Thus, the analytical effective width/span 
ratio of 2.0 for practical purposes is satisfied by these 
tests results. 
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Effective width from capacity vs width/span 
The variation of capacity versus width/span ratio can 
also be used to assess the effective width. Values of 
capacity for various width/span ratios are listed in Tables 
5.2 and 5.3 for the 300 mm and 600-mm span simply supported 
deckings. The capacity vs width/span ratio curves are 
plotted in Fig 5.33. In this case also the rate of 
increase of capacity should tends to zero as the curve 
approaches the effective width/span ratio. The curves for 
the 300 and 600 mm spans are almost horizontal beyond 
width/span ratios of 1.0 and 2.0 respectively. For both 
spans, there is an increase in capacity of 5*-. , for a 60'-. 
increase in width/span ratio from 1.25 to 2.0. This 
indicates that as far as capacity is concerned the 
effective width can be considered to lie between 1.25 and 
2.0 times the span. 
In conclusion, confirmatory evidence seem to have been 
provided on the critical effective width of simple 
deckings. The effective width of simple deckings is 
greater than those of fixed and continuous deckings. 
Therefore, the critical effective width of simple deckings 
which is equal to two times the span, can be regarded as a 
satisfactory geometry for simulating the performance of 
full-size fixed, screwed and simply supported deckings. 
Floor width requirement for full-scale tests in Standards 
The effective width is the width of decking which for 
practical purposes can be considered to support the load. 
The value of the effective width so defined is of cruc ial 
importance in the development of a general method for 
testing sheet materials deckings because this should govern 
the minimum width of test floor. 
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BS 5669: Part 1 1989 requires that for the performance 
test of fully supported joisted floor decking (supported by 
joists and noggings) the test floor should be constructed 
from whole boards 2400 mm (long) x 1200 mm (wide). As the 
spans are normally not greater 600 mm, the width/span ratio 
is at least equal to 2.0. When jointed boards (e. g. edge- 
glued T&G boards) are used, a 2400 mm width of test floor 
is recommended. Again a width/span ratio of not less than 
2.0 is implied. EN TC 124.109: 1990 recommends a width of 
test decking of at least 2400 mm or two whole board widths 
for tests with jointed boards. A minimum width/span ratio 
of at least 2.0 will be maintained. 
Again, ASTM E661-88 recommend a test floor width of at 
least two whole board widths, each not less than 595 mm for 
jointed boards. The consensus is that for full-size test, 
a decking width of at least twice the intended maximum span 
is to be used. These standard requirements are in 
agreement with the analytical and experimental deduction 
that the critical effective width is twice the span. 
5.7.3 Punching shear-moment capacity and failure mode 
Capacity 
For the same sizes of deckings, the general trend is 
that the capacity of the simple decking is smaller than 
those of the screwed and fixed deckings. For example, for 
the 300 mm span x 600 mm wide simple, screwed and fixed 
deckings the capacities are 5.04,5.19 and 5.15 kN 
respectively. For the 450 mm span x 600 mm wide deckings 
the corresponding capacities are 4.44,4.62 and 4.76 kN. 
In general, the capacity of the simple decking is a good 
approximation of the capacities of the screwed and fixed 
deckings. 
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Punching shear-moment capacity was characterized from 
the simply supported test results. One of the main reasons 
is that this support condition is assumed in routine design 
and the centre moment can be quantified, if even nominally. 
Confirmatory evidence have been provided that for simple 
deckings an effective width of two times the span be used 
for characterization of the full-size decking capacity. 
The 300 mm span x 600 mm wide test deckings (S3060) and 600 
mm span x 1200 mm. wide test deckings (S60120) have 
width/span ratios of two. However, for the 450 mm span, 
the largest width/span ratio in the test work was 1.5 
(S4560 test series). The latter capacity should therefore 
be a conservative value for a 450-mm span full-size 
decking. The capacity of these three test deckings are 
used to define the punching shear-moment capacity in the 
span range from 300 to 600 mm. 
The interaction between punching shear and bending in 
orthotropic sections is complex. The effect of moments on 
capacity is implicitly accounted for from the relationship 
between P/Pult (load capacity/punching shear capacity) and 
span which is presented in Fig 5.34. The punching shear 
capacity or the capacity under zero moment is assumed to be 
the capacity from the small-scale concentrated load test, 
which is 6.04 kN for the 18 mm thick Sterling board. The 
relationship between load capacity, P(kN), and span, L(m) 
is fitted by the linear equation 
P= Pult; (1-0.5L) (5.1) 
where Pult is the punching shear capacity in kN. The 
equation is plotted in Fig 5.34 for comparison with the 
test results. Soothill (1984) found from tests of 
chipboards that the relationships between load capacity and 
span were linear but different for different brands of 
board. 
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Failure mode 
The failure modes of practical decking can be assumed 
to correspond with the failure modes of the deckings that 
characterise or simulate full-size behaviour i. e. deckings 
with width/span ratios of 2.0. The failure modes of the 
relevant 300 and 600-mm span deckings (S3060, SGO120, 
SC3060 and F3060) were typically by punching. 
5.8 CONCLUSIONS 
The results of tests on 108 simple, screwed and fixed 
deckings have been used to assess the analytical model 
(bending) and effective width, and characterise the 
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punching shear-moment capacity and failure mode. 
Two key considerations were addressed in the design of 
the full-scale tests. These were the estimation of the 
effective bending width and the modelling of the support. 
Provision for reducing lifting of the decking from the 
support was required for the 600-mm span simple decking 
with width/span ratios greater than 1.0. However, complete 
fixity could not be guaranteed in the "fixed" test decking. 
The behaviour of the test models range from typically 
bending when the width/span ratio less than unity to 
typically punching shear when the width/span ratio is of 
the order of 2.0. Behaviour between bending and punching 
shear occurred at width/span ratios between 1.0 and 1.5. 
The experimental stiffness of the simply supported 
deckings was about 16'1 greater than the analytical 
stiffness. Friction between test piece and support appears 
to have accounted for this difference. The experimental 
stiffness of the fixed decking was about 28% smaller than 
the analytical stiffness. The difference between the 
stiffnesses is partly attributed to the difficulty in 
achieving a fixed support. 
Good agreement between the predicted and the 
experimental deflection profiles were generally obtained. 
The screwed decking deflection profiles were better 
modelled by assuming simple supports than fixed supports. 
The variation of stiffness and capacity with 
width/span ratio is an alternative approach for the 
assessment of effective width. The results for simply 
supported OSB deckings appear to confirm that an effective 
width of 2.0 times the span is satisfactory for practical 
purposes. The recommendation in the American Society for 
Testing and Materials, European and British Standards that 
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the minimum width of decking for full-size performance test 
shall be twice the span is also consistent with the 
results. 
Punching shear-moment capacity has been characterized 
from the simply supported test deckings with width/span 
ratios of 2.0, which were deemed to simulate full-size 
behaviour. A linear equation fitted the test curve 
relating punching shear-moment capacity and span. The 
failure modes under combined bending and punching shear of 
the simple, screwed and fixed deckings which simulated 
full-size decking behaviour are typically by punching. 
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CHAPTER 6 
DESIGN SIGNIFICANCE 
6.1 INTRODUCTION 
As mentioned in Sections 1.1 and 2.5, until recently, 
designs for concentrated loading have been based on "as- 
built" floor tests and manufacturers specification. The 
first simplified design calculation method for joisted 
isotropic decking was published by the Timber Research and 
Development Association (TRADA) and Building Research 
Establishment (BRE) in 1992. The method is based on the 
assumption in BS 5268: Part 2 1991, that the equivalent 
beam width for design purposes is approximately equal to 
the span of the decking. No data is given in the Standard 
in support of this assumption. The need for assessing this 
assumption had been highlighted by Kearley and Carruthers 
(1991). 
The main objective of this chapter is to unify the 
analytical and experimental data from Chapters 3,4 and 5 
into a consistent design calculation method for joisted OSB 
decking subjected to concentrated loading. The relevant 
structural properties of a typical OSB decking have been 
determined in Chapters 3 and 5. In Chapter 4, a parametric 
study of the critical bending response of the decking was 
determined by finite element analysis technique, while 
verification of the analytical model of bending behaviour 
was also the subject of Chapter 5. 
As far as design calculations are concerned, the 
short-term properties are not suitable for use in 
structural design without appropriate modification factors, 
in particular, for load duration and exposure condition. 
Tentative design values for the test board (Sterling board) 
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are determined based on recently available creep data. 
A simple design calculation method for joisted decking 
is developed. The levels of accuracy of the proposed 
simplified method and the TRADA method are assessed against 
the results obtained from finite element analysis. Example 
solutions demonstrating the use of the proposed method and 
supporting design guidelines are also presented. 
6.2 CHARACTERISTIC AND DESIGN VALUES 
The characteristic value of a property in a given 
environmental condition depends the mean value of the 
property and the number and distribution of the short-term 
test results from which the mean value is determined. The 
design value depends on the characteristic value, load 
duration, environmental condition and the perceived level 
of safety. 
6.2.1 Distribution of properties 
Models of distribution of properties 
According to Abbott and Kearley (1991), there are two 
areas where debate continues and f irm agreement has not yet 
been reached. The first is on the distributions of 
strength and modulus of elasticity. The second is whether 
to adopt a non-parametric method for calculating the 
characteristic values or to fit a statistical distribution 
and then to calculate the characteristic values from 
standard statistical theory. The assumption of normal 
distribution of wood and wood-based properties has been 
popular. Recent investigations (ASTM, 1992) have found 
that the normal distribution may not be the best model for 
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the distribution of the properties. However, the 
lognormal statistical distribution and the non-parametric 
method of ranking are gradually gaining favour. The method 
of ranking is already the preferred choice for solid timber 
in ECS. The lognormal distribution has been recommended 
for the derivation of characteristic values of wood-based 
panel products in EC5. The three methods are used to 
assess the characteristic values of the properties of the 
test board. 
Coefficients of variation 
The coefficients of variation for the major axis 
properties appear to be generally slightly smaller than 
those for the corresponding minor axis properties (Table 
3.14). The coefficients of variation for the planar shear 
moduli (almost 33"-. ) are three times the coefficients of 
variation for the other properties (almost 11%). However, 
assuming that the characteristic value of modulus is the 
mean value the coefficient of variation will not be 
relevant. 
The European draft Standard prEN 1058: 1994, "Wood- 
based panels- Determination of characteristic values of 
mechanical properties and density" has proposed that the 
minimum coefficient of variation shall be 10*-.. Eleven of 
the 33 coefficients of variations in Table 3.14 are less 
than 10 percent whilst five are less than 850-o. So the 
clause on the minimum value of coefficient of variation in 
prEN 1058 may not be applicable for the majority of 
properties. 
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6.2.2 Characteristic values 
In the limit state method of ECS, the characteristic 
strength is defined as the fifth percentile. For modulus 
of elasticity, there are two characteristic values: the 
fifth percentile and the mean value. The mean values are 
recommended for use in the serviceability limit state 
verifications. The fifth percentiles are recommended for 
all properties (strength, stiffness and density) related to 
ultimate limit states. In the draft standard prEN 1058, 
the fifth percentile, is estimated as the 501 lower limit 
value (or tolerance limit) determined with 84.10-. confidence 
assuming lognormal distribution. In the permissible stress 
code, BS 5268: Part 2 1991, the fifth percentile is defined 
as the 5-. lower limit determined with 75*-. confidence 
assuming normal distribution. For C5 chipboard in BS 5268, 
the characteristic values of strength and stiffness are the 
fifth percentiles. 
In the determination of the characteristic value from 
a limited number of tests, the sample size is always an 
important consideration. The number of test results used 
to determine the properties of Sterling board in Chapter 3 
varies from 8 to 16. These are smaller than the minimum 
number of 32 required for derivation of characteristic 
values according to prEN 1058 of EC5. However, the 
characterisation tests were not primarily meant to 
replicate the extensive testing that is required for 
determination of the allowable properties for design codes 
and standards, but rather to obtain typical values of and 
relationships among the structural properties. 
Provisional normal and lognormal characteristic values 
are determined on the assumption that the measured 
properties are acceptable approximations for the properties 
based on the minimum sample size of 32. In the case of the 
ranking method, the 5th and 50th percentiles are determined 
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by ranking the individual test results in ascending order 
and selecting the 5th and 50th values in the list of ranked 
values. When these are not actual values, hypothetical 
values obtained by interpolation between two adjacent 
values are often acceptable. 
Assuming normal or lognormal distribution of the test 
data (sample), the fifth percentile, xo5l is given by 
xo 5= 
km (x) 
where mW is the mean value of the property, x, and kn is 
a statistical factor which depends on the number of test 
results, the coefficient of variation and the confidence 
level. kn is equal to (1-(Y/i) for a normal distribution, 
where y is the sample coefficient of variation and u is a 
statistical factor which depends on the number of test 
results and the confidence level. u is 1.7 for 32 test 
results and a 75*-. confidence level. prEN 1058 provides 
values for kn for various values of coefficient of variation 
and sample size (and assumes lognormal distribution of 
properties). The draft standard recommends that a minimum 
coefficient of variation of 0.1 for wood-based board 
properties. 
Poisson's ratio is a unique parameter as far as the 
specification of characteristic value is concerned. A 
lower 5th percentile is required for deflection calculation 
because of the inverse relationship between deflection and 
Poisson's ratio. The principal moments, however, are 
directly proportional to Poisson's ratio. Therefore, it is 
the upper 5th percentile that is required for moment 
calculation. Assuming the mean value is the characteristic 
value avoids the need for specifying lower and upper 5th 
percentiles for Poisson's ratio. 
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The characteristic values of strength and stiffness 
for 15 and 18 mm thick Sterling boards based on the normal 
and lognormal distributions (prEN 1058) and the 
nonparametric method of ranking are presented in Tables 6.1 
and 6.2. 
Table 6.1 Characteristic values for 15 mm thick Sterling board 
Property Axis No. of Mean COV Characteristic value 
test M 
results 
Normal Lognormal Ranking 
prEN 1058 
Bending MOE ma3or 16 5140 7.4 S140 5140 5220 
(N/MM2) 
minor 16 1930 9.8 1930 1930 1990 
Strength major 16 21.3 7.2 18.7 18.1 18.9 
minor 16 12.7 10.0 10.5 10.8 11.0 
Panel MOE major 13 1080 8.2 1080 1080 1070 
shear 
(NI MM2) 
minor 10 1180 10.5 1180 1180 1140 
Strength major 13 8.2 9.7 6.8 7.0 7.0 
minor 10 8.5 13.1 6.5 6.6 7.2 
Planar MOE major 14 79.0 37.1 79.0 79.0 78.1 
shear 
(N/mm') 
minor 13 56.3 42.3 56.3 56.3 47.1 
Strength major 14 2.1 13.1 1.6 1.6 1.7 
minor 13 1.8 15.2 1.3 1.3 1.4 
Punching Capacity 16 4990 9.8 4160 4250 4260 
shear 25 mm diam 
(N) 
Capacity 8 6780 5.5 6150 5780 6200 
50 mm diam 
I 
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Table 6.2 Characteristic values for 18 = thick Sterling board 
Property Axis No. of Mean COV Characteristic value 
test 
results 
Normal Lognormal Ranking 
prEN 1058 
Bending MOE major 16 5250 7.4 5250 S250 5280 
(NI MM2) 
minor 16 1910 14.7 1910 1910 1920 
Strength major 16 21.2 10.1 17.6 18.1 18.3 
minor 16 12.2 14.4 9.2 9.2 9.2 
Panel MOE major 11 1180 12.1 1180 1180 1160 
shear 
(NI mm2) 
minor 8 1280 11.2 1280 1280 1290 
Strength major 11 8.2 8.7 7.0 7.0 7.3 
minor 8 7.9 11.9 6.3 6.3 6.7 
Planar MOE* major 16 72.0 28.4 72.0 72.0 70.0 
shear 
(NI MM2) 
minor 14 59.6 22.8 59.6 59.6 58.7 
Strength major 16 1.7 12.2 1.3 1.3 1.4 
minor 14 1.6 18.6 1.1 1.0 1.2 
Punching Capacity 16 6040 9.8 5030 5130 5280 
shear 25 mm diam 
(N) 
Capacity a 8780 3.5 8260 7480 8430 
50 mm diam 
Poisson's ratio major 8 0.23 19.9 0.23 0.23 0.23 
minor 8 0.16 13.2 0.16 0.16 0.16 
. Beam shear modulus test values are not included 
In the following discussion the characteristic values 
determined from normal statistics are assumed as standard. 
There are minimal differences between the characteristic 
strengths determined by normal and lognormal statistics. 
The percentage differences between the lognormal and normal 
5th percentile strengths are within +3-06. This appears to 
be related to the low coefficients of variation of the 
)strength properties, which on average is about 11% A 
comprehensive examination of various methods of estimating 
characteristic strengths by Hunt and Bryant (1996) revealed 
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that for relatively small coefficients of variation of the 
order of 0.1 or less, it does not matter what method is 
used or what distribution of test data is assumed because 
there are small differences between the distributions and 
consequently the characteristic values. This appears to 
explain the minimal differences between the strength 
values. However, when the coefficient of variation is much 
smaller than 10'-., the 5th percentile from lognormal 
statistics tends to be slightly conservative when compared 
to the 5th percentile from normal statistics because of the 
1091 limitation on the coefficient of variation in prEN 
1058. This is typified by the punching shear capacities 
under the 50 mm diameter punch. 
The characteristic modulus from lognormal (prEN 1058) 
and normal statistics is assumed to be mean modulus. The 
percentage differences between the 50th percentiles in the 
ranking method and the mean values are within +3%, except 
for the planar shear modulus (with unusually high 
coefficients of variation). The percentage differences 
between the characteristic strengths from ranking and the 
corresponding normal statistics strengths lie in the range 
between 0 and +11%. The positively skewed differences are 
deemed to reflect the differences between the actual 
distributions and the assumed normal distribution of the 
properties. 
It is important to note that in wood-based isotropic 
decking, for example, wood chipboard decking, the stress 
induced is invariant of the absolute value of the modulus 
of elasticity. So either the mean or fifth percentile can 
be used in stress analysis. In the case of orthotropic 
decking, the bending stress is directly dependent on the 
relative values of Ex, EY and GxY. As the coefficients of 
variation for Ex, EY and G. Y are of the same order (about 9 
and 11% for the 15 and 18 mm thick boards respectively) 
either the means or fifth percentiles can be used in 
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computations related to ultimate limit state without 
incurring significant errors. A similar argument applies 
to transverse shear stress, but in this case it is the 
relative values of Gxz and Gyz or the orthotropy in 
transverse shear stiffness, Gxz/Gyzl that becomes important. 
6.2.3 Effects of load duration and service environment 
Visco-elastic behaviour 
The characteristic properties are strictly 
characteristic short-term properties. In their response to 
stress, timber and wood-based panel products are neither 
truly elastic nor truly viscous in their behaviour, but 
rather a combination of both, described as visco-elastic. 
This behaviour accounts for the dependence of the 
deflection and strength on the duration of load. 
The time dependent modulus, often called creep 
modulus, depends also on the stress level. The higher the 
stress the higher the rate of creep. However, the limit of 
linearity between creep and applied stress varies with the 
type of loading. According to Illston et al (1979), under 
conditions of normal humidity and temperature, linearity 
seems to exist up to 5001 of the short-term bending 
strength, depending on the species of timber. In practice, 
the design stresses are only a small percentage of the 
ultimate strength, commonly less than 30'-.. Therefore, the 
creep and creep modulus are often assumed as linearly 
dependent on the stress level. Strength, on the other 
hand, depends mainly on the duration of load (TRADA, 1992) . 
Creep tests can last f rom a few hours to three or more 
years. The longer the duration of the test, the greater is 
the accuracy of the prediction of future behaviour that can 
be obtained from the test results. The procedures and 
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recommendations for derivation of these visco-elastic 
properties from creep tests for wood-based panel products 
are given in BS 5669: Part 1 1989. According to TRADA 
(1992), the stress level expected (in service after T 
years) should be used in a creep test in order to determine 
the corresponding creep modulus (at T years). If the creep 
test is carried out at a different stress level, 
proportional correction for this difference must be made. 
The rest of this section briefly outlines the general 
strength-time and modulus-stress level-time relationships 
for wood-based panel products. 
Strength-time relationship 
The general relationship between strength and time 
assumes an exponential shape. A linear strength versus 
log-time graph is frequently plotted. The relationship 
between sustainable stress level at time, T, expressed as 
a percentage of the short-term ultimate stress, SLT 
(measured in the laboratory) and log-time is of the form 
S=A- B10910T LT- (6.2) 
where T is the load duration in minutes. From this 
equation, the maximum stress level that can be applied and 
still ensure a prescribed life can be determined. Typical 
values of A and B for OSB are not available, however, for 
grade C5 chipboard of in BS 5268 Part 2, A and B are 96 and 
8.89 respectively (TRADA, 1992). The strength of grade C5 
chipboard at fifty years is 29.8% of the short-term 
strength. 
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Modulus-time relationship 
At low to moderate stress levels, the modulus-time 
relationship (for a given constant load) assumes an 
exponential shape also. The relationship between the 
relative modulus EL T and log-time 
is fitted to 
ELT =C- Dl oglo T (6.3) 
where ELT is the value of the modulus at time T relative to 
the short-term modulus, while C and D are constants. 
However, at relatively high applied stresses in the range 
between 50'-. and 80% of the short-term ultimate stress, the 
relationship between the relative creep modulus and log 
time from creep test on grade C5 chipboard (TRADA, 1992) 
was best fitted to a second order polynomial equation of 
the form 
ELT =C- DlogloT - HlogloT 2 
where C, D and H are constants. 
Modulus-stress level relationship 
The creep deformation and creep modulus depend also on 
the stress ratio, r, def ined as the ratio of applied stress 
to short-term strength. A linear relationship is assumed 
to exist between the modulus EL T and the stress ratio, r, 
provided r: 5 0.5 (Illston et al 1979) . The timber education 
text by Blass et al (1995) clearly recognises this 
relationship but limits its applicability to stress levels 
not greater than 35'-. of the ultimate stress, which is still 
greater than the maximum stress in adequately desig ned 
structures, which is of the order of 25-. of the ultimate 
stress or smaller. These three relationships from bending 
tests are generally assumed to be applicable to the shear 
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proper les. 
Conventional load duration (creep) modification 
factors based on bending test on beams are regarded as 
applicable to bending and transverse shear design (BS 5268) 
rather than punching shear and bearing. BS 5268 provides 
a separate modification factor for bearing. Whether it is 
the modification factor for bearing or for bending that 
should be applicable in punching shear is not clear. 
Experimental investigation should throw light on this 
matter. 
Effect of service enviro=ent 
OSB is recommended for use in service classes 1 and 2 
of EC5, which correspond to environmental conditions of 
200C and 650-. RH and 200C and 850-. RH respectively. As far 
as the effect of service class is concerned, creep is 
directly proportional to moisture content, whilst strength 
is inversely proportional to moisture content. At moisture 
a content of 200-. (for service class 2), creep amplitudes in 
wood-based panels can reach about three to four times the 
short-term (5-minute) deformation (Blass et al, 1995) . The 
creep amplitude in service class 2 is typically about 1.5 
times that in service class 1. The strength in service 
class 2 is typically about 800-o of the strength in service 
class 1. 
6.2.4 Design values 
Load duration and service condition factors in Codes 
Until the change over to Eurocode, both permissible 
stress (BS 5268) and limit state designs (EC5) are 
permitted in Britain. As a result design values for OSB 
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for use in the permissible stress and limit state design 
methods will be required. 
The European design standard for timber structures, 
EC5, is a limit state code which uses partial factors to 
examine limit states. EC5: Design of timber structures 
Part 1.1 General rules and rules for buildings (DD ENV 
1995-1-1: 1994) and the United Kingdom National Application 
Document provide the partial safety factors for both 
actions and materials. DD ENV 1995-1-1: 1994 also specifies 
the modification factors for load duration and service 
class to be used in design. The material data required for 
limit state design calculations are listed in Table 6.3. 
The EC5 format of specifying the characteristic 
values, partial safety factors and load duration factors 
for the design of wood and wood-based structures is reputed 
to have two main advantages. First, the characteristic 
values are related directly to test results, which make it 
easier to assess new wood-based panel products. Second, it 
allows National or local bodies to apply safety factors and 
deflection limits dependent on perceptions of required 
safety and serviceability levels. 
As design values for OSB have not been prescribed in 
13S 5268, the steps in the derivation of the permissible 
stresses and moduli for grade C5 chipboard are assumed to 
be applicable in the derivation of the permissible values 
f or the test boards (OSB) It is noted that the dry 
exposure condition in BS 5268 can be obtained under 
constant laboratory conditions of 200C and 850-. RH, which 
approximates to service class 2 of EC5 (Page, 1992). A 
summary of the material data required for the derivation of 
permissible values for use in permissible stress design (BS 
5268) is given in Table 6.3. 
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The permissible values for use in permissible stress 
design (BS 5268) and characteristic values for use in limit 
state design (EC5) are now derived for the 15 - 18 mm 
thickness range of test boards. 
Table 6.3 Materials data required for design calculations 
Step Permissible stress method (BS 5268) Limit state method (EC5) 
A Short-term mean and coefficient of Short-term mean and coefficient of 
variation of properties variation of properties 
B 5th percentile modulus and strength 5th percentile strength and mean 
from normal statistics and Sth percentile modulus from 
lognormal statistics 
C Modification factors for load Modification factors for strength 
duration and exposure condition to and deformation to account for load 
apply to 5th percentiles duration and service condition 
D Global safety factor Partial safety factors for material 
in ultimate and serviceability 
limit states 
E Design values are derived from Data in rows A to D are needed in 
data in steps A to D design 
Characteristic values and modification factors 
The characteristic values for the test boards - in 
service class 2 for use in the limit state method of EC5 
are derived from Tables 6.1 and 6.2. The characteristic 
modulus is taken as the mean modulus. The characteristic 
strength is the 5th percentile determined by lognormal 
statistics (prEN 1058). 
The values are as follows 
Bending stress: 
Bending MOE 
Panel modulus 
CF. = 18 . 10 
E. = 5200 
G. 
y = 
1180 
CFY = 10 .00 
Ey = 1920 
T. 
y =2.02 
253 
Planar shear stress Txz 1.45 Tyý = 1.15 
Planar shear modulus Gxz 76.0 Gy; 
ý = 58.0 
Punching shear capacity (25 and 50 mm diam punches) 
4690 and 6630 N or 284 and 402 N/mm 
Poisson Is ratios (mean values) vx = 0.23 and vy = 0.16 
The partial safety factors 
modification factors for use with the 
are given in DD ENV 1995-1-1: 1994. 
factors vary fro m 1.0 to 1.5. 
modification factors, kmod and k def 
for 
Table 6.4. 
and load duration 
characteristic values 
The partial safety 
The load duration 
OSB are reproduced in 
Table 6.4 Modification factors kd and kdef for OSB 
(DD ENV 1995-1-1: 1994) 
Material/load-duration class 
kd. 
f 
Service 
class 1 
Service 
class 2 
Service 
class 1 
Service 
class 2 
OSB to prEN 300, Grades 3 and 4 
Permanent 0.40 0.30 1.50 2.25 
Long-term 0.50 0.40 1.00 1.50 
Medium-term 0.70 0.55 0.50 0.75 
Short-term 0.90 0.70 0.00 0.30 
OSB to prEN 300 Grade 2 
Permanent 0.30 - 2.25 - 
Long-term 0.45 1.50 
Medium-term 0.65 0.75 
Short-term 0.85 0.00 
The general expression for the final deformation, Ufin/ 
can be written in the form 
+k U Ufin Uinst def inst 
where u inst is the instantaneous deformation. It is clear 
that the creep component is equal to kdefUinst * The inclusion 
of a stress level factor to account for the dependence of 
creep deformation on the stress level is not directly 
advoc ated in DD ENV 1995-1-1: 1994. However, as creep has 
been shown to be proportional to the ratio of 
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applied stress to design stress, r, the creep component can 
be written in the form rk defUinst I where r is the stress ratio. 
Therefore, the final deformation can be written in the form 
Ufin Uinst (1+rkdef 
Permissible stresses, moduli etc 
For OSB which complies with prEN 300 Grades 3 and 4 
and load bearing particleboard which complies with prEN 
312-7, the kdef and k mod 
factors given in DD ENV 1995-1-1: 1994 
are equal. C5 chipboard and Sterling board appear to 
comply with prEN 312-7 and prEN 300 Grades 3 and 4 
respectively. Therefore, the load duration modification 
factors for service class 2 in DD ENV 1995-1-1: 1994 are 
assumed to be applicable for the derivation of the 
permissible stresses etc. for both Sterling board and C5 
chipboard. In a similar vein, the load duration 
modification and safety factors used in the derivation of 
permissible stresses and moduli for C5 chipboard from the 
characteristic values are also assumed applicable to 
Sterling board. Thus, two sets of design values for 
Sterling board can be derived for use in a permissible 
stress design method. 
The combined safety and modification factors for long- 
term (50 years) dry grade stresses and moduli (other than 
bearing) of C5 chipboard of BS 5268: Part 2 are 0.239 and 
0.178 respectively (TRADA, 1992). For C5 chipboard, the 
reduction factor for modulus applies to the 5th percentile 
derived from the assumption of normal distribution. These 
are used to derive one set of dry grade stresses and moduli 
(long-term) for the test boards. 
In the serviceability limit state, the combined 
reduction factor is 1/(l+kdef because the partial safety 
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factors for action and material are unity. In DD ENV 1995- 
1-1: 1994 the combined reduction factor for stress is 
between k 
mod 
/ (Y"YQ) and k mod/ 
(YMYG) 
' In the ultimate limit 
state, the critical values of yQ and YG are 1. s and 1.35 
respectively while ym is 1.3. k mod and 
kdef for service class 
2 are 0.3 and 2.25 respectively. Hence, the reduction 
factors for estimating the corresponding "permissible long- 
term" stresses and modulus (more than 10 years) for OSB 
which complies with prEN 300 Grades 3 and 4 in service 
class 2 are 0.154 and 0.307 respectively. It is noted that 
the characteristic value for modulus for design calculation 
purposes is taken as the mean value. These reduction 
factors provide a second set of permissible values for the 
test boards. 
The permissible stresses, moduli, etc., for the 15 - 
18 mm thickness range based on these two sets of reduction 
factors are given in Table 6.5. The mean and Sth 
percentile values are the average values for the 15 and 18 
mm thick boards from Tables 6.1 and 6.2. For determination 
of the permissible strengths and moduli from the reduction 
factors for C5 chipboard in BS 5268, the 5th percentile 
values are based on normal distribution statistics. 
It is clear from Table 6.5 that the permissible 
stresses (and capacities) from EC5's reduction factors are 
about two-thirds of the permissible stresses (and 
capacities) obtained from the C5 reduction factors. The 
design moduli (for serviceability) from EC5 factors are at 
least twice those obtained from the BS 5268 (or C5 
chipboard) reduction factors. The reduction factor for 
strength in EC5 appears to be relatively high compared to 
the corresponding reduction factor in BS 5268 (C5 
chipboard). In the case of the modulus, the difference is 
partly attributed to the assumption that the characteristic 
modulus is the 5th percentile in BS 5268 whilst in DD ENV 
1995-1-1: 1994 (EC5) it is the mean value. The average of 
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the two sets of permissible values (columns (a) and (b) in 
Table 6.5) could be a satisfactory compromise for design 
calculation purposes. However, the different load duration 
classes in DS 5268 for type C5 structural chipboard and in 
ECS make comparison of design stresses and moduli for 
intermediate load durations more difficult. In Table 6.5, 
Poisson's ratios are assumed constant in the thickness 
range. 
Table 6.5 Permissible stresses etc for 15 - 18 imm thick Sterling 
board in service class 2 
Property AXiS Mean Sth percentile Permissible Permissible Ratio 
(normal value (EC5 value (C5 of 
statistics) reduction chipboard (a)/(b) 
factors (a) reduction 
factors (b) 
Bending MOE major 5200 4542 1600 810 1.98 
(NI MM2) 
minor 1920 1520 590 270 2.18 
Strength major 21.2 18.15 2.79 4.34 0.64 
minor 12.5 9.85 1.49 2.35 0.63 
Panel MOE major 1130 933 350 170 2.06 
shear 
(NI MM2) 
minor 1230 1003 380 180 2.11 
Strength major 8.2 6.90 1.08 1.65 0.65 
minor 8.2 6.40 0.99 1.53 0.65 
Planar MOE major 76.0 33.2 23.3 5.9 3.95 
shear 
(NI mm2) 
minor 58.0 26.2 17.8 4.7 3.79 
Strength major 1.9 1.45 0.22 0.35 0.63 
minor 1.7 1.20 0.18 0.29 0.62 
Punching Capacity 5515 4595 720 1100 0.65 
shear 25 mm diam 
(N) 
Capacity 7780 7205 1020 1720 0.59 
50 mm diam 
Poisson's ratio major 0.23 0.23 
minor 1 0.16 0.16 
The results for the test boards in Section 3.5 and for 
C5 chipboard of BS 5268: Part 2 1991 (TRADA, 1992) showed 
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that the punching shear capacity is approximately 
proportional to the board thickness. In fact, the punching 
shear capacity for a given thickness range is strictly the 
capacity for the mean thickness in the thickness range 
under consideration. BS 5268: Part 2 permits linear 
interpolation in order to obtain accurate values of 
capacity for a given thickness. The punching shear 
capacity in Table 6.5 corresponds to the mean thickness of 
16.5 mm in the nominal thickness range between 15 and 
18 mm. 
The modification factors K81 I K82 IK 83 and K .4 for the 
effects of applied stress and load duration on moduli and 
for the effect of load duration on stresses in type C5 
chipboard could be used with the permissible OSB stresses 
and moduli derived on the basis of the C5 reduction 
factors. A revision of BS 5268 is expected to recommend 
the use of the same modification factors (K81 K 82 etc) for 
C5 chipboard in service classes 1 and 2. The 
kmod 
and k def 
factors in DD ENV 1995-1-1: 1994 (EC5) suggest that the 
strength in service class 2 is typically about 80'-. of the 
strength in service class 1. According to Blass et al 
(1995) and DD ENV 1995-1-1: 1994, the creep amplitude in 
service class 2 is typically about 1.5 times that in 
service class 1. These should roughly account for the 
effect of moisture content on the permissible stresses. 
6.3 SIMPLIFIED STIFFNESS DESIGN 
The results of the parametric study of the bending 
response of joisted OSB decking in Chapter 4 are used to 
develop a rational and simple bending design calculation 
method which accounts for the orthotropy in stiffness of 
the decking material. The principle of the method is that 
equation is fitted to the finite element results and the 
accuracy of the fit is assessed. Comparison of solutions 
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for typical deckings by the proposed simplified equations 
and finite element analysis provide confirmatory evidence 
of the accuracy of the former. 
This section develops a simplified deflection 
calculation method for simply supported, fixed and 
continuous (double-span) plate models of joisted OSB 
decking. The shear deflection has been shown to be a 
significant component of the total deflection of wood-based 
sheet material decking. Separate equations are developed 
for flexural and shear deflections. The advantage of this 
approach is that the flexural deflection equations can be 
expressed in terms of the material parameters vx and EJEY. 
whilst the shear deflection can be written in terms of 
Gxý / Gyz - 
6.3.1 Flexural deflection 
The ef f ects of vx and Ex/Ey on the f lexural def lection 
of simply supported, fixed and continuous deckings are 
illustrated in Figs 4.4 to 4.6. It is therefore simply a 
matter of fitting equations to the curves in order to 
obtain the plate deflection equation for various 
combinations of vx and Ex/E Y. 
As Figs 4.5,4.6 and 4.7 are 
identical, only one of the three figures needs to be 
fitted. 
From the finite element analysis results of Table 4.8 
and Fig 4.4, the maximum flexural deflection of a long 
rectangular simply supported isotropic decking, carrying a 
central concentrated load is equal to PL 
2 /59.6D, where P is 
the applied load, L the span and D the plate flexural 
stiffness, Et'/12 (1_V2). This compares with PL 
2 /59.1D given 
by Timoshenko and Woinosky- Krieger (1959) and Szilard 
(1974). 
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Again f rom the f inite element results of Table 4 .8 and 
Figs 4.5 and 4.6, the corresponding expressions for the 
maximum deflections in fixed and continuous deckings are 
PL 2/ 139.9D and PL 2 /74-6D respectively. Flugge (1982) gives 
the maximum flexural deflection of a long rectangular fixed 
isotropic decking as equal to PL 2/ 139.5D. The f lexural 
deflections in the parametric study were normalized with 
respect to the deflection of the isotropic plate model with 
a Poisson's ratio, vx = 0.1 and a flexural stiffness E= Ex 
(Figs 4.4 to 4.6). The problem reduces to assuming that 
the origin of the plots is at E. JEY =1 and vx = 0.1. 
Therefore, the equations for flexural deflection of simple, 
fixed and continuous orthotropic deckings can be written in 
the form 
Wf = w0f, (E. /Ey, V. ) 
Specifically, the equations for simple, fixed and 
continuous deckings are 
PL 2E 
wf (simple) =-f(' vx) 59. lDxo 1 Ey 
wf (fixecl) = 
PL2 
- fl ( 
EX, 
vx) (6.4) 139. SD E 
xo y 
PL2 E 
wf (cont-inuous) = -f (' vx) 74.6Dx0 1 Ey 
where fl(E. /Ey, vx) is the orthotropy coefficient and Dx. = 
Ext 
3/ 
[ 12 (1 - (0 . 1) 
2 
)1 - EXt 
3/ 
12. 
Orthotropy coefficient 
Polynomials can be fitted to the response curves for 
the simple decking in Fig 4.4. The desired expression 
should be simple but sufficiently accurate for practical 
application. An investigation of a number of options was 
carried out. A first approximation for the effect of EJEY 
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(i. e. for constant vX) on the flexural deflection, wfl is a 
linear equation. A slightly better alternative is the 
family of curves y=a+ býx, where x is EJEY and a and b 
are coefficients to be determined. In the case of the 
ef f ect of vx (for constant EJEY) , the nature of the non- 
linear spacing of the curves is similar to the effect of 
Poisson's ratio on the deflection of isotropic plates and 
2 suggests a quadratic polynomial (i. e. 0C VX). 
The fitting that is needed entails determining 
suitable values for a and b. The principle in the process 
of selection of the coefficients is based on minimization 
of the maximum difference between the analytical curves and 
the curves corresponding to the equation y=a+ býx for 
various values of the coefficients a and b. The analytical 
curves for a simply supported decking are approximately 
fitted to the equation 
fl (Ex, V, ) = (0.54 + 0.46ý/-Lx) (1 - 0.6 V2) (6.5) Ey Ey x 
This is the orthotropy coefficient. For the purpose 
of comparison, Fig 6.1 shows a graph of Eqn 6.5 and the 
finite element analysis curves for values of Poisson's 
ratio, vxl equal to 0.1 and 0.4. The similarity between the 
curves in Figs 4.4 to 4.6 makes the orthotropy coefficient 
for simple deckings applicable to fixed and continuous 
deckings. 
261 
1.6 
1.4 
1.2 
M 
I 
0.8 
0.6 
0 / 
Ex/Ey 
FEA, vx = 0.1 
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Proposed Eqn 6.5 v. = 0.4 
-0- 
Fig 6.1 Comparison of proposed equation and analytical 
curves for flexural deflection of plate 
6.3.2 Shear deflection 
Again the principle adopted is to determine the shear 
deflection of the isotropic plate model and the associated 
orthotropy coefficient. Fig 4.7 suggests that the shear 
deflection, WS I of an isotropic plate is directly 
proportional to ratio of span/thickness, L/t, and inversely 
proportional to transverse shear modulus, G. For a simply 
supported beam with the same values of G, L and t, as the 
isotropic plate, the shear deflection under centre-point 
load, P, is given by 1.2PL/(4GA), where A is the beam's 
cross-sectional area. 
The equivalent beam width, b., which will yield a 
deflection equal to that of the plate is determined from 
the required equality of beam and plate shear deflections. 
The equality means that the equivalent beam width can be 
derived from shear deflection of a typical plate. In a 
simply supported plate, the relationship between the shear 
deflection, ws and 11G is shown in Fig 4.7 for various 
values of L/t. Equating the plate and equivalent beam 
shear deflections 
1.2PL/ (4Gbst) = ws 
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bs = 1.2PL/ (4wSGt) 
In Fig 4.7, for L/t = 40 (i. e. L= 1000 and t= 25), G= 
E/16 = 93.75 
N/MM2 and P=1 kN, the slope of the ws versus 
1/G line is 36 N/mm 
Hence, bs = 1.2xlOOOL/(4x36x25) 0.33L 
bs = 0.33L (6.6) 
Identical values for bs are obtained by using the slopes of 
the ws versus 1/G plots for L/t of 20 and 10 in Fig 4.7. 
The shear deflection of an isotropic plate can 
therefore be written in the form 
WS --= 
1.2PL 
= 
0.92P 
4Gt(O. 33L) Gt 
Finite element analyses 
that the shear deflections of 
deckings of the same span 
approximately equal. Thus, 
simple decking can be assu 
continuous deckings. 
(6.7) 
in Section 4.4.3 have shown 
simple, fixed and continuous 
and decking material are 
the deflection equation for 
med to apply to fixed and 
For orthotropic deckings, the effect of GjGYz should 
also be accommodated. In the parametric study, the shear 
deflections were normalized with respect to the deflection 
of an isotropic plate with a transverse shear stiffness of 
G= Gxz " The problem reduces to assuming that the origin of 
the plots is at GjGyz = 1. Therefore, the equation for 
shear deflection of simple, fixed and continuous 
orthotropic deckings can be written in the form 
ws 
0.92Pf( Gýz) 
G'ý, t: Gy 
(6.8) 
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where f(G.. /Gyz) is the orthotropy coefficient. 
Orthotropy coefficient 
The results in Tables 4.10 and 4.11 and Fig 4.8 
suggest that the relationship between shear deflection and 
shear stiffness orthotropy, G. z/G 
is practically linear. 
. YZI 
A satisfactory approximation for the orthotropy 
coefficient is 
G 
xz) = 0.63 + 0.37 
G 
xz (6.9) 
Gyz GYZ 
The proposed equation and the corresponding 
relationship from finite element analysis for simple plates 
are shown plotted in Fig 6.2. The orthotropy coefficient 
is the same for simple, fixed and continuous deckings. 
The shear deflection of simple (and also fixed and 
continuous) orthotropic deckings is 
WS 
0.92P (0.63 + 0.37 
G 
xz (6.10) 
Gxz t G_vz 
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Fig 6.2 Shear deflection of simple plate: comparison of 
FEA and proposed equation 
6.4 SIMPLIFIED STRENGTH DESIGN 
The results of finite element analysis obtained in 
Chapter 4 are used to derive simple equations for moments 
and reactive force in joisted OSB deckings. 
6.4.1 Moments 
In the case of orthotropic deckings, the peak stresses 
in the two principal directions in the plane of the board 
must be determined. The moments in simple, fixed and 
continuous deckings have been shown to be mainly dependent 
on the loaded area, Poisson's ratio vx and E. /Ey. The effect 
of the size of the loaded area on moments is given in Table 
4.7 and illustrated in Fig 4.3. The similarity between the 
moment-loaded area curves for simple and fixed, isotropic 
and orthotropic deckings suggests similarity between the 
corresponding moment-loaded area equations. In addition, 
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Fig 4.3 suggests that the effect of the ratio of loaded 
area/span on transverse moment follows a similar trend as 
for the longitudinal moment. 
The moments in the parametric study were normalized 
relative to the moments in the isotropic plate model with 
a Poisson's ratio of v=0.1. The moment-loaded area 
equation is referenced to this plate model. Therefore, the 
maximum moments in an orthotropic decking can be expressed 
in the form 
MX=M 
XOf2 
(Ex/Ey, Vj 
My=Myof3 (Ex/Ey, Vj 
where MXO and MYO are the appropriate maximum longitudinal 
and transverse bending moments respectively when the 
Poisson's ratio is 0.1. MxO and M yo are a 
function of the 
ratio of loaded area dimension to span, a/L. fi(Ex/Ey, vx) is 
the orthotropy coefficient which will be determined later. 
From Fig 4.3 and Table 4.8, for a simple plate, 
approximate expression for the relationships between M.. and 
a/L and between MYO and a/L can be written in the form 
p mxo 
2.25+7 
L 
p MV0 
2.8+7 a 
L 
(6 . 11) 
A plot of the simplified longitudinal moment M.. versus 
a/L equation (Eqn 6.11) on the same graph as the 
corresponding results from f inite element analysis is shown 
in Fig 6.3. The moment-loaded area equation suggested by 
Park and Gamble (1980) and Cope and Clark (1984) is also 
plotted for comparison (Fig 6.3). The error in the use of 
proposed equation is about 5*-.. The moment-loaded area 
equations in Park and Gamble (1980) and Cope and Clark 
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(1984) confirm the similarity between the longitudinal 
moment-loaded area curves and the transverse moment-loaded 
area curves in Fig 4.3. 
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Loaded area dimension/span, (a/L) 
FEA, v = 0.1 Proposed Eqn. (6.11), v=0.1 Park and Gamble Eqn., v = 0.15 
77 
Fig 6.3 Comparison of moment vs loaded area dimension/span relationship 
From Table 4.8 and Fig 4.3, for a fixed decking, 
moments MxO and MYO are given by 
MXO 
-= -pa 
2.8+7- 
L 
p myo 
3.15+7 a 
L 
(6.12) 
The effect of loaded area on moments in a continuous 
decking is assumed to be similar to the effect on moments 
in fixed and simple deckings. From Table 4.8 and Fig 4.3, 
suitable equations for M.. and Myo in continuous deckings are 
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p 
MXO 
2.4+7 
pL (6.13) myo 
2.9+7 
L 
Orthotropy coefficient 
The effects of Poisson's ratio and bending stiffness 
orthotropy are accounted by a simple coefficient. Using a 
procedure similar to that for accommodating orthotropy and 
Poisson's ratio in deflection, the equations for the 
maximum moments, Mx and My in simple, f ixed and continuous 
deckings can be written in the form 
E, 
m ": m f- x xo 2 Ey vx) 
E 
My ": My 0 
f3 
Ey 
vx) 
where fi(E. /Ey, vx) is the orthotropy coefficient. 
The effects of Poisson's ratio and orthotropy in 
bending stiffness on the moments in simple, fixed and 
continuous deckings are similar (cf. Figs 4.4 to 4.6) 
This suggests an identical orthotropy coefficient. 
Polynomials can also be fitted to the analytical 
curves showing the effects of v. and EJEY on moments. An 
investigation of a number of alternatives was carried out. 
A first approximation for the effect of EJE, (v. = constant) 
on Mx is a linear equation. However, this is not 
satisfactory for My. A superior equation for both Mx and My 
is the family of curves y=a+ bVx, where x is Ex/Ey. In 
the case of the effect of vxl the approximately equal 
spacing of the curves for vx of 0.1,0.2,0.3 and 0.4 
suggests a linear effect. 
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An approximate expression for the coefficient 
f2 (E. /Ey, vx) in the equation for Mx is 
f2 ( _LX , vx) = (0.7 8 +0.26v/-Lx) (0.9 5 +0 . 5vx) (6-15) Ey Ey 
Fig 6.4 compares the proposed equation and the finite 
element analysis response curves for values of Poisson's 
ratio, vxl equal to 0.1 and 0.4. 
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leý 
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Fig 6.4 Comparison of proposed equations and analytical 
curves for moments in plate 
Ex/E y3 
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The corresponding coefficient f3 (E. /Ey, vx) for My is 
Ex, 
vx x) (0.92+0.86vx) (6.16) f3 ()= (1 . 45-0.44%/-L Ey Ey 
6.4.2 Reactive forces 
The variation of maximum reactive force at the 
longitudinal and transverse edges of orthotropic deckings 
have been determined by f inite element analysis (Section 
4.4.4). The maximum reactive force was characterized by 
the total reactive force along the side of the loaded area 
adjacent to the support (Timoshenko and Woinosky-Krieger 
(1959). This is considered to better characterise the 
distributed reactive force than the maximum nodal reactive 
force obtained from the finite element analysis output. 
The peak reactive force appears to depend mainly on 
the support condition and to a much lesser extent on the 
orthotropy in stiffness. For the range of orthotropy in 
OSB properties, a good approximation for the maximum 
longitudinal and transverse reactive forces in a simply 
supported plate is 0.55P (Tables 4.14 and 4.15). The 
corresponding value for a fixed plate is 0.75P. For a 
continuous plate, the maximum transverse reactive force is 
0.55P, whilst the maximum longitudinal reactive force is 
assumed to be 0.65P. 
However, when the load is next to the support, part of 
the load is carried by bearing at the support. The complex 
3-dimensional stress state in the vicinity of the load and 
support makes determination of the critical position by 
plate theory inapplicable. Cope and Clark (1984) report 
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that the force on the loaded area within half a decking 
thickness of the support could be excluded in plate 
analysis. DD ENV 1995-1-1: 1994 recommends that for the 
determination of the maximum reactive shear force on a beam 
carrying a point load, the critical position of the load 
shall be at a distance from the support equal to twice the 
panel thickness. The shear force is deemed to gradually 
reduce to zero as the distance of the load f rom the support 
tends to zero. The critical clear distance between the 
support and the loaded area appears to be between 0.5t and 
1.5t from the support. 
The maximum shear force is strongly dependent on the 
critical distance of the edge of the loaded area from the 
support. A compromise value equal to the thickness is 
assumed. For a general square loaded area of side 
dimension, a, the equivalent critical position of the load 
reduces to that shown in Fig 6.5. For design purposes, 
assuming that the thickness and loaded area are one- 
twentieth of the span, the maximum reactive shear force at 
simple and fixed supports were determined by finite element 
analysis to be 0.27P and 0.38P respectively acting over a 
width of support equal to (a + t) . The maximum reactive 
force at a continuous support is assumed to be 0.33P over 
the same width. A summary of the proposed design equations 
is given in Appendix 3. 
When these results are compared to the maximum 
reactive force with the load next the support, the extreme 
sensitivity of the reactive force to the distance of the 
load from the support becomes clearly obvious. The 
reactive force due to a concentrated load is a complex 
stress interaction problem which appears to be poorly 
modelled by 2-dimensional plate theory or analysis. 
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Fig 6.5 Reactive shear force: Position and dispersion of concentrated load 
6.4.3 Other design considerations 
To complete the design process, provision for the 
other local strengths (in the vicinity of the load) , 
namely, bearing, punching shear and combined punching shear 
and bending are necessary. 
As the edge of OSB panel is positioned at the centre 
of the joist, the bearing length (perpendicular to the line 
of the joists) near the panel edge is usually taken as 
equal to half the width of the joist. At continuous or 
intermediate supports the corresponding bearing length is 
often taken as equal to the width of the joist. The 
bearing width is equal to the side length of square loaded 
area or the diameter of circular loaded area. For bearing 
stress (nominal) under the load the critical geometric 
parameter is the loaded area. Punching shear stress also 
is highly dependent on the loaded area. In general, 
punching shear strength (which is essentially a combined 
bearing and transverse shear condition) is generally more 
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critical than bearing strength. 
From the test work, the relevant properties and 
variation and characteristic values can be determined and 
the corresponding deflections and bending stresses can be 
accounted for by the proposed simplified method or by 
f inite element analysis. The screwed support condition has 
been shown to be reasonably well modelled by simple 
supports. As far as local actions are concerned, of 
immense significance are the value of the characteristic 
loaded area and the critical distance of the load from the 
support to use in determination of maximum reactive force. 
Specification of the loaded area in BS 6399: Part 1 1984 
has not been addressed until recently, although it is 
admitted that the subject of concentrated load on wood- 
based panel floors is still in its infancy. 
The area on which the concentrated load acts is mainly 
available for domestic floors (Section 2.2.2), for which 
the recommended loaded area dimensions appear to vary from 
25 to 50 mm. The ratio of these loaded areas is 1: 4. The 
implication in wood-based panel decking design cannot be 
overemphasised as bearing, transverse shear and punching 
shear stresses are highly dependent on the loaded area. 
Consequently, the adequacy or otherwise of designs under 
concentrated load could be strongly dictated by the 
recommended or assumed value of characteristic loaded area. 
It is recalled that the loaded area appears to be 
relatively less significant for bending stresses and is 
insignificant for deflection (Sections 6.3 and 6.4.1). 
Based on the analytical and design data the relative 
significance of the side dimension of loaded area, a, on 
the stresses is implicitly summarized as follows 
Bearing stress, under load --f(l/a 
2) 
Bearing stress, at support -f(l/ab), b is bearing length 
Reactive shear stress ýz--f(i/t(a+t)) and 
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Punching shear stress -f (1/t (a+gt) ), where (a+gt) is the 
punching shear perimeter and g is a Positive constant. In 
contrast, for bending stress -f (1/ (k+a/L) (Eqns 6.11 - 
6.13). 
Punching shear-moment capacity 
Design calculations based on small-scale properties of 
OSB excludes consideration of the effect of interaction of 
punching shear and moments on capacity. Ideally, a non- 
dimensional punching shear-moment interaction equation 
equivalent to that for the interaction of bearing, shear 
and bending stresses in isotropic beam sections is desired. 
However, the interaction between punching shear and bending 
in a section of an orthotropic plate is complex. An 
alternative approach is to use directly the relationship 
between punching shear-moment capacity and span (Soothill, 
1984). The presence of moments at a section at which the 
transverse shear and compression forces are high reduces 
the load capacity to a value below the punching shear 
capacity. The effect of punching shear-moment interaction 
can then be allowed by a reduction of the characteristic 
punching shear capacity. 
In Chapter. 5, the concentrated load capacities of the 
300,450 and 600-mm. span deckings which simulate full-size 
behaviour are 5.04,4.44 and 4.29 kN respectively. As the 
maximum punching shear capacity is 6.04 kN, the ratio of 
punching shear-moment capacity to punching shear capacity 
for the 300,450 and 600-mm span deckings are 0.83,0.74 
and 0.71 respectively. The relationship between punching 
shear-moment capacity and span has been fitted to the 
equation P,, lt[l - 0.5L] 
(Eqn 5.1), where P,,,, and L are the 
punching shear capacity in kilonewtons and the span in 
metres respectively. However, Soothill (1984) showed from 
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tests on chipboard that the relationship between load 
capacity and span depends on the grade and brand of wood- 
based board. The load ca pacity-span equations for other 
thicknesses and brands could enable a general load 
capacity-span equation for OSB to be produced. 
However, the load capacity versus span equation is not 
generally determined. The critical punching shear-moment 
capacity of the 600-mm span decking is about 70'-. of the 
punching shear capacity. As the permissible or safe load 
is usually about 25-. of the ultimate punching shear 
capacity, the global factor of safety of designs which do 
not include specific consideration of this interaction 
should not be in question. 
Structural ductility 
Test of deckings which simulate full-size behaviour in 
Chapter 5 showed that failure in the span range between 300 
and 600 mm is by punching. Significant ductility under 
concentrated load is exhibited by Sterling board in this 
span range. Ductility is regarded as a useful property, 
not least because the decking itself provides the evidence 
of distress and potential failure long before a critical 
condition is reached. 
I 
Strength is an obvious requirement, together with 
ductility they are the ultimate objectives in designing. 
In certain applications, the primary design consideration 
under concentrated load is the ductility. In such cases, 
the design load will be controlled by the capacity under a 
ductile mode rather than a brittle behaviour mode. 
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6.5 ASSESSMENT OF DESIGN METHOD AND CASE STUDIES 
6.5.1 Accuracy of proposed design method 
The levels of error or conservatism in the simplified 
expressions for reactive force determined in Chapter 4 when 
compared to the results from finite element analysis do not 
exceed 12*-.. The modified but simple equations for reactive 
force are deemed satisfactory for design purposes. No 
further justification is considered necessary. The 
simplified expressions for the effect of loaded area on 
moments strongly agree with those given by Park and Gamble 
(1980), Cope and Clark (1984) and finite element analysis. 
The maximum error has been shown to be of the order of 5-.. 
So only the proposed equations expressing the effects v., 
E. /Ey and G., /Gyz on the moments, flexural and shear 
deflections in simple, fixed and continuous deckings are 
assessed. Two approaches are used in the assessment. The 
first method is based on the percentage difference between 
the proposed equation (which has been fitted to the finite 
element response curve) and the finite element response 
curve (Figs 6.1 to 6.4). At a given value of abscissa, x, 
the error is' 00 (Yproposed - YFF-A) IYFFA I where Yproposed and y,. A are the 
corresponding ordinates of the proposed equation and finite 
element response curve respectively. 
A second method, which is an indirect method, compares 
decking analyses outputs based on the proposed design 
equations and the finite element method. This method is 
expected to confirm the level of error obtained from the 
first method. The justification of the simplified method 
will depend on the level of error considered acceptable in 
routine design. 
From a comparison of the FEA curves and simplified 
polynomial approximations, the maximum errors in moments 
and flexural deflection seem to occur at the extremes of 
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orthotropy and Poisson's ratio. A sensitivity study was 
proposed in order to compare the decking analyses outputs 
(and thus the errors) when the ratio EJEY is close to 1.0 
and 4.0 and when Poisson's ratio, vx/ is close to 0.1 and 
0.4. Deckings labelled M, N, 0 and P in Table 6.6 were 
used in the moments and flexural deflection sensitivity 
study. Deckings labelled M, Q, R and S detailed in Table 
6.6 with GjGYz of 1.0,2.0,3.0 and 4.0 respectively were 
used for the shear deflection sensitivity study (the 
equation is actually for the shear deflection for simple 
deckings) and also for examination of the level of error 
inherent in the assumption of equality of shear deflections 
of simply supported, continuous and fixed deckings of equal 
spans. 
Table 6.6 Decking properties for sensitivity study 
Decking Ex/Ey Eý 
(NI MM2) 
Vx Gxý/Gyz Gýz Thickness 
t(mm) 
Span 
L(mm) 
m 1.0 1000 0.1 1.0 Eý/16 15 600 
N 1.0 1000 0.4 1.0 Ex/16 15 600 
0 4.0 1000 0.1 1.0 Eý/16 15 600 
P 4.0 1000 0.4 1.0 Eý/16 15 600 
Q 1.0 1000 0.1 2.0 Ex/16 15 600 
R 1.0 1000 0.1 3.0 Eý/16 15 600 
S 1.0 1000 0.1 4.0 Ex/16 15 600 
In the analysis, each decking was assumed to be 
subjected to 1 kN load at the centre of the span. 
The 
loaded area (square) dimension was assumed to be 0.05 times 
the span. The long-term bending modulus, E., was assumed 
to 
be equal to 1000 N/MM2 . G., 
has been assumed to be equal to 
0.5 (1 - 
V(vxvy )V (ExEY) . The maximum moments, 
flexural and 
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shear deflections in each decking were determined by the 
simplified plate equations and the finite element method. 
The analyses output for simple, fixed and continuous 
deckings were obtained with each set of board properties in 
Table 6.6. The decking analyses outputs are shown in 
Tables C1 to C4 of Appendix 3. 
From comparison of the fitted and finite element 
analysis curves for M., the maximum percentage difference is 
within +4-.. From the sensitivity study, the maximum error 
in MX is within +6*-.. In the case of My, the maximum error 
from the decking analyses is +61 compared with +8-. from 
comparison of the fitted and analytical curves. 
The maximum error in the flexural deflections obtained 
from the sensitivity study is within +6%. The maximum 
error in the fitted curve is within +9%. From a comparison 
of the fitted and analytical curves of shear deflection for 
simply supported deckings, the error is within the range of 
+3%. The sensitivity study reveals that the maximum errors 
in simple, fixed and continuous deckings are +7%, ±10% and 
+7% respectively. The equation for shear deflection has 
been based on the shear deflection of a simply supported 
plate. It has been shown in Chapter 4 that the difference 
between the shear deflections of fixed and simple deckings 
of the same span (and also between continuous and simple 
deckings) is of the order of 4% of the simple plate 
deflection. The +4% difference between the maximum error 
from sensitivity study and that from direct' comparison of 
fitted and analytical curves may be due to roundoff errors. 
The 
compares 
design e( 
intended 
method. 
analyzed. 
second method, 
decking analyses 
juations and the 
to conf irm the 
Six deckings 
The range of ort 
which is an indirect method, 
outputs based on the proposed 
finite element method. It is 
levels of error in the first 
of different properties were 
-hotropy of the bending and shear 
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properties is within that for OSBs, which is from just over 
1.0 to about 4.0. The material properties of the deckings 
are listed in Table 6.7. The detailed results of analysis 
are shown in Tables C5 to C10 of Appendix 3. 
Table 6.7 Typical decking properties for case studies 
Decking Eý/Ey Eý 
(NI MM2) 
V. Gxz/Gyz Gýý Thickness 
t(mm) 
Span 
L(mm) 
G 2.90 1000 0.40 2.80 Eý/16 15 400 
H 1.25 1000 0.25 1.08 Ex/4 0 18 400 
1 1.50 1000 0.20 1.90 Ex/20 25 300 
1 2.30 1000 0.10 3.00 Eý/50 22 600 
K 2.30 1000 0.10 1.04 Eý/50 22 600 
L 3.40 1000 0.11 1.80 Ex/16 18 450 
The maximum error in M. is of the order of +21. The 
maximum error in MY is of the order of +11'-.. The maximum 
errors in flexural and shear deflections are +4-. and +91 
respectively. These results confirm the levels of error in 
the first method. 
The maximum error obtained from the assessment using 
both approaches appears to be of the order of 10'i. This is 
considered to be acceptable for routine design. A summary 
of the levels of error is given in Table 6.8. 
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Table 6.8 Estimated accuracy of the proposed method 
Design consideration Maximum difference from Maximum difference from comparison of 
comparison of proposed equation solution outputs from proposed 
and FEA curve(k) equation and FEA method(t) 
Moments Mx 4 6 
Moments My 8 6 
Flexural deflection 9 6 
Wf 
Shear deflection 3 11 
Wý 
6.5.2 Assessment of TRADA method 
Beam design method 
The equations in Sections 6.3 and 6.4 are the plate 
design equations. In the beam method, standard beam design 
calculation procedures are used for the design of joisted 
deckings. The peak bending response in the equivalent beam 
should be equal to the corresponding peak value in the 
plate. So rather than being subjective, the equivalent 
beam width(s) is defined by the plate response. The TRADA 
design proposal applies to isotropic decking only. A beam 
method which extends the beam concept to joisted OSB 
deckings is developed in Appendix 4. 
The equivalent beam or load distribution widths for 
moments and flexural deflection have been shown to be 
dependent on Poisson's ratio. The value of Poisson's ratio 
for isotropic boards such as wood chipboards is assumed to 
lie between 0.1 and 0.3. The induced moments are 
proportional to the Poisson's ratio, whilst the deflection 
is inversely proportional to Poisson's ratio. Therefore, 
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a central value of Poisson's ratio of 0.2 is assumed in the 
assessment. 
The moments have been shown to be dependent on 
Poisson's ratio and the ratio of loaded area dimension to 
span, a/L. The span of joisted floor deckings is between 
300 and 600 mm. The recommended minimum loaded area is 25 
mm diameter circular area. This yields a minimum ratio of 
loaded area dimension to span of 0.04. A near minimum 
value of ratio of side length of square loaded area to span 
of 0.05 is assumed in this assessment. 
The assessment of the level of error or conservatism 
in the TRADA method is limited to simply supported and 
continuous isotropic deckings which are often assumed in 
routine design. 
For an isotropic decking with a Poisson's ratio of 0.2 
and a ratio of loaded area dimension to span, a/L, of 0- 05, 
the calculated equivalent beam widths for determining the 
longitudinal moment in simple and continuous deckings are 
0.60L and 0.32L respectively (Appendix 4). The use of an 
equivalent beam width of 1. OL underestimates the moments in 
simple and continuous deckings. Szilard (1974) quotes an 
equivalent width of 0.67 times the span for maximum 
longitudinal moments in simply supported deckings. The 
longitudinal moments in simple and continuous deckings from 
the TRADA method, therefore, are about 0.60 and 0.32 times 
the corresponding maximum longitudinal moments obtained 
from finite element analysis (Table 6.9 and Appendix 4). 
By assuming that Poisson's ratio is in the range between 
0.1 and 0.3, the changes in equivalent load distribution 
width were found to be -5-. and +59. - respectively. The 
effect on the load distribution width appears to be 
negligible. 
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Table 6.9 Equivalent beam width for isotropic deckings 
Design 
consideration 
Equivalent beam width (x span) 
Simple decking Fixed decking Continuous decking 
Moments 0.60 0.38 0.32 
Flexural 
deflection 
1.20 0.73 1.10 
Shear deflection 0.33 0.33 0.33 
The equivalent beam widths for calculation of the 
maximum flexural deflection of simple and continuous 
deckings are found to be 1.2L and 1.1L respectively 
(Appendix 4) . Thus, the flexural deflections of simple and 
continuous deckings based on the TRADA method are 20% and 
10% greater than the corresponding plate deflections 
obtained from finite element analysis. By assuming that 
Poisson's ratio is in the range between 0.1 and 0.3, the 
changes in the equivalent load distribution width were 
found to be -20-. and +8% respectively. Again, the effect on 
the load distribution width appears to be negligible. 
The equivalent beam width for shear deflection of 
isotropic plates has been shown to be equal to 0.33L 
(Section 6.3 . 2) . The shear 
deflection in the TRADA method 
is about one-third of the shear deflection based on finite 
element analysis. Therefore, the use of an equivalent 
width of 1. OL in the calculation of shear deflection will 
seriously underestimate the shear deflection. The effects 
of the value of the assumed beam or load distribution width 
on the decking moments, deflections and reactive force are 
depicted in Tables 6.10 and 6.11. 
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Table 6.10 Simple decking: Effect of load distribution width on 
moment and deflection 
Beam width Simplified moment/ 
FEA moment 
Simplified flex. def/ 
FEA flex. def 
Simplified shear def/ 
FEA shear def 
OAL 2. OOL 4.00 1.10 
OAL 1.00 2.00 0.55 
0.7L 0.86 1.71 0.47 
OAL 0.75 1.50 0.41 
0.9L 0.67 1.33 0.37 
1. OL (TRADA) 0.60 1.20 0.33 
1.20L 0.5 1.00 0.28 
Table 6.11 Continuous decking: Effect of load distribution width on 
moment and deflection 
Beam width Simplified moment/ 
FEA moment 
Simplified flex. def/ 
FEA flex. def 
Simplified shear def/ 
FEA shear def 
0.3L 1.07 3.67 1.10 
0.6L 0.53 1.83 0.55 
0.7L 0.46 1.57 0.47 
OAL 0.40 1.38 0.41 
0.9L 0.35 1.22 0.37 
1. OL (TRADA) 0.32 1.10 0.33 
1.20L 0.27 0.92 0.28 
The widely different values of load distribution 
widths make it difficult to prescribe a compromise single 
value of equivalent beam width, b, which will give 
acceptable moments, reactive force and deflection. As a 
result, a separate load distribution width is recommended 
for each response. 
Bearing, punching shear and reactive force are not 
included as they are regarded as local effects, i. e. 
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highly dependent on the loaded area and thickness of the 
decking. For the reactive force, the load distribution 
width near a simple support is 3.7(a+t), where a and t are 
the side length of square loaded area and thickness of 
panel decking respectively. For continuous and fixed 
supports, the distribution widths are 3.0 (a+t) and 2.6 (a+t) 
respectively. The TRADA method assumes the load 
distribution width is equal to the span. For typical side 
length of square loaded area of 0.05L and a panel thickness 
of 0.05L, the maximum reactive forces at simply supported 
and continuous edges obtained from the TRADA method are 
about 3791 and 30% (average of about 33%) of the 
corresponding maximum reactive forces estimated from the 
simplified method derived from finite element analysis. 
In the case of bearing stress, the load distribution 
width or bearing width near a support is of the order of 
the side length of square loaded area or the diameter of 
circular loaded area. The TRADA method assumes the load 
distribution width is equal to the span. So the error in 
the TRADA method is of the order of the ratio of span to 
loaded area dimension, typically 20: 1, which is extremely 
large. For bearing under the load and punching shear the 
TRADA method uses the actual loaded area. This apparently 
contradicts the use of an effective width for reactive 
force which is of the order of the span considering that 
all three responses are local effects. A summary of the 
equivalent beam widths for local actions is shown in Table 
6.12. Although the equivalent width is much less 
meaningful for local effects, but it shows at a glance that 
the span of the decking is insignificant in as far as 
resistance is concerned. 
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Table 6.12 Equivalent beam width for local effects 
Design 
consideration 
Simple decking Fixed decking Continuous decking 
Reactive force* 3.7(a+t)* 2.6(a+t) 3-0(a+t) for long. support 
3.7(a+t) for trans. support 
Bearing at support* Side dimension of Side dimension of Side dimension of 
loaded area loaded area loaded area 
Bearing under the Side dimension of Side dimension of Side dimension of 
load loaded area loaded area loaded area 
Punching shear Side dimension of Side dimension of Side dimension of 
loaded area loaded area loaded area 
a and t are the side length of square loaded area and the thickness of the decking respectively. 
TRADA method assumes the equivalent beam width is equal to the span. 
In the case of deflection, assuming that the 
transverse shear modulus is one-sixteenth of the bending 
modulus, the maximum total deflections of simply supported 
and continuous beams are given by 
W=+2 pLit (simpl e) 48EI 5EI 
+ 
2PL t: 2 (continuous) 
67E1 5EI 
Using the equivalent load distribution widths for shear and 
flexural deflections, therefore, the total deflection of 
simply supported and continuous deckings can be written in 
full as follows 
w 
PL 3+ 24PL 
4Ebf t3 5Ebst 
12PL 24PL 
+ 
67Ebf t3 5Ebst 
(simpl e) 
(6.17) 
(continuous) 
In the TRADA method bs = bf = 1. OL. In the proposed 
simplified method b,, = 0.33L and bf = 1.2L and 1.1L for 
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simple and continuous deckings respectively. Putting these 
values of bs and bf in the equations, a comparison of the 
deflections in the TRADA method and the FEA method 
(strictly the simplified method derived from finite element 
solutions) can be made. The shear deflection is inversely 
proportional to the value of G (or E, when G is expressed 
in terms of E), so for the shear deflection, when G is E/32 
as has been shown by Karacabeyli et al (1996) for 
waferboard, the shear deflection is twice that given in 
Equation 6.17. 
A plot of the variation of the relative error (defined 
as 100 (w TRADA-WFEA) 
ýWFEA) 
versus span/thickness, (L/t), is given 
in Fig 6.6, where w TPADA and WFEA are the deflections based on 
the TRADA and FEA methods respectively. 
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Fig 6.6 Variation of error in deflection in the TRADA method 
Assuming that the transverse shear modulus is one- 
sixteenth of the bending modulus, for the simply supported 
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deckings, the deflection from the TRADA method 
overestimates the deflection by up to +16*1 when L/t is in 
the range between 15 and 40. In the case of continuous 
deckings, there appears to be negligible error when L/t is 
between 20 and 40. Then as L/t tends to 10, the deflection 
is increasingly underestimated by up to 170-- and 270-. for the 
simple and continuous deckings respectively. When the G= 
E/32 the error ±13'i for L/t between 15 and 40 for the 
simple decking but for L/t between 20 and 40 for the 
continuous decking. The deflection is increasingly 
underestimated for smaller values of L/t rising to over 300-. 
when L/t is of the order of 10. 
From Equation 6.17, the total deflection can be 
written in terms of the flexural deflection. Again, 
assuming G= E/16, the deflections of simply supported and 
continuous joisted isotropic decking are 
w 
PLL 
[1 +7 0(t2 (simpl e) 48EI L (6.18) PL 3t2 
w [1+90(-) (continuous) 67 El L 
Proportional adjustment of the shear component gives the 
total deflection for other values of G. 
An example solution demonstrating the use of the TRADA 
and proposed simplified methods for isotropic decking is 
given in Appendix 4. The example solution determines the 
permissible concentrated load on a 22-mm thick grade C5 
chipboard continuous decking based on the TRADA method and 
the proposed simplified method. The load is assumed to be 
of medium-term duration. The stresses, moduli etc., are 
those given in BS 5268: Part 2 1991 for C5 chipboard. The 
ratio of capacity for each design consideration seems 
consistent with the ratio of equivalent width in the two 
methods. 
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6.5.3 Example solutions and design guidelines 
Example solutions 
The example solutions are intended to provide a broad 
outline of the use of the simplified design calculation 
method. In practice, the problem is usually to determine 
the permissible concentrated load on a given board 
thickness or vice versa. Both problems are examined, 
namely, the determination of the allowable load and decking 
thickness. The solutions are for continuous decking in 
service class 1, using both permissible stress and limit 
state design methods. 
The main set of calculations determines the allowable 
medium-term (in EC5 and for C5 in BS 5268) imposed 
concentrated loads on 18 and 22 mm thick Sterling board 
deckings of 300,400 and 600 mm spans. The imposed loads 
are assumed to be applied through circular punches of 25 
and 50 mm diameters. The second set of calculations 
determines the thicknesses required for 2.5 and 4.0 kN 
loads of medium-term load duration on a 400-mm span 
decking. In this case the imposed load is applied through 
a circular punch of 50 mm diameter. In the design 
calculations, the performance levels of the deckings are 
assumed to be the same as those for the 15 - 18 mm 
thickness range of the test boards. 
The punching shear capacity is generally approximately 
proportional to the thickness as confirmed in the tests in 
Chapter 3 and also for C5 grade chipboard (TRADA, (1992) 
and BS 5268: Part 2 1991) . Tentative punching shear 
capacity values for thicknesses outside the 15 - 18 mm 
thickness range are determined by linear extrapolation in 
the absence of experimental data. 
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The following are assumed in the design calculations 
(a) The main supports are 63 mm x 195 mm SC3 timber 
floor joists. The decking consists of 2400 mm x 
600 mm unsanded square-edge Sterling boards. 
(b) The edges of the boards are fully supported on 
joists and noggings. 
(c) The service environment corresponds to service 
class 1 of EC5. 
(d) The stress and deflection due to other actions are 
assumed to be negligible. 
(e) The maximum permissible final deflection is 0.01L 
(TRADA, 1992). 
The characteristic and design values for 15 - 18 mm 
thick Sterling boards are now listed. For the limit state 
method of ECS, the characteristic values which have been 
given in Section 6.2.4 are the following 
Bending stress Grx = 18.10 01Y = 10.00 
Bending MOE Ex = 5200 EY = 1920 
Panel modulus G. Y 
1180 T. Y =2.02 
Planar shear stress Txz 1.45 Tyz = 1.15 
Planar shear modulus Gxz 76.0 Gyz = 58 .0 
Punching shear capacities-25 and 50 mm. diam punches 
4690 and 6630 N or 284 and 402 N/mm. 
Poisson's ratio vx = 0.23 
EJEY = 2.71 and GjGYz = 1.31 
Modification factor, kmod I for permanent and medium- term 
durations-- 0.40 and 0.70 (for service class 1 of DD 
ENV 1995-1-1: 1994) 
Deformation factor, 
kdef for permanent and medium-term 
durations-- 1.5 and 0.5 (for service class 1 of DD ENV 
1995-1-1: 1994) 
Design bearing stress 2.1 (Tables gic & 17 of BS 
5268: Part 2 1991) (it is assumed that global safety 
factors and modification factor for load duration 
(permanent) and service class are already included in 
this value). 
289 
The permissible stresses, moduli, etc., have already 
been determined (Table 6.5). From column (a) of Table 6.5, 
the permissible values are as follows 
Bending stress arx = 4.34 cry =2 . 35 
Bending MOE Ex = 810 Ey = 270 
Panel modulus G. y = 175 Txy = 1.32 
Planar shear stress Txz = 0.35 Tyz = 0.29 
Planar shear MOE Gxz = 5.9 Gyý = 4.7 
Punching shear capacities-25 and 50 mm diam punches 
1100 and 1720 N or 67 and 104 N/mm 
Poisson's ratio vx = 0.23 
Ex/Ey = 3.0 and Gx, /Gyý = 1.26 
Bearing stress 2.1 and modif ication factor for 
medium-term load duration is 1.25 (Tables 91c & 17, BS 
5268: Part 2 1991) 
For medium-term load duration the modification 
factors, K81 (other stresses) and K 133 (modu li) are 1.80 
and 3.58 respectively (Tables 91e and 91f of BS 5268: 
Part 2 1991). 
The calculations for the determination of the maximum 
allowable characteristic imposed concentrated loads on the 
18 mm. thick and 400-mm span Sterling board decking are 
shown in Appendix 5. The detailed results of the 
calculations are presented in Appendix 5. The bending 
stress and reactive shear stress appear to determine the 
safe load in the limit state method. In the permissible 
stress method, the deflection, bending stress and reactive 
shear stress seem to be the critical considerations. For 
the deflection condition in the permissible stress method, 
reduction in capacity with decreasing span appears to 
occur. Further analysis of the effect of the relative 
values of the transverse shear and flexural stiffnesses on 
the safe load has been carried out. The analysis based on 
a simply supported decking for which experimental results 
are available shows that the variation of safe load with 
span (for the deflection limit of 0.01L in this case) 
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depends on the ratio of transverse shear to flexural 
moduli. The experimental results (from Figs 5.10,5-11 and 
5.16 and Table 5.7) appear to support the analytical 
results. The difference between the test and analytical 
curves is attributed to increasing friction (and load 
capacity) with decreasing span in the test values. 
The transverse shear and bending moment capacities 
increase by approximately 55% and 15'-. respectively when the 
loaded area is increased from 25 mm to 50 mm square area. 
The corresponding increases in punching shear and bearing 
capacities at support and under the load are approximately 
48,100 and 400% respectively. This reflects the comment 
made in Section 6.4.3, that the value of the loaded area 
that is assumed or prescribed in design Code has 
significant implications on local effects such as bearing, 
punching shear and reactive shear force. Summaries of 
typical allowable loads and thicknesses for the 400-mm span 
decking are given in Tables 6.13 and 6.14. 
It is noted that in the permissible stress method, the 
permissible stresses, moduli etc. for the dry service 
condition of BS 5268 (service class 2 of EC5) have been 
assumed to be applicable to service class 1 condition of 
EC5. Although the critical loads in Table 6.13 are 
approximately identical the plots of the critical loads 
reflects the comment made in Section 6.2.4 that the 
permissible strengths derived from the safety and load 
duration modification factors in EC5 are much smaller than 
the corresponding permissible strengths derived from the 
equivalent factors (C5 chipboard) in BS 5268. The 
permissible moduli derived from the equivalent factors in 
BS 5268 are much smaller than the corresponding values from 
the EC5 factors (Table 6.5) . This 
is the reason for stress 
and deflection being critically important in the limit 
state and permissible stress methods respectively. 
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Table 6.13 Example solutions: Typical allowable loads 
Decking thickness Characteristic load (N) for 400-mm span 
decking and 25 mm diameter punch 
(mm) 
Limit state Permissible stress 
method method 
18 774 883 
22 1050 1277 
Decking thickness Characteristic load (N) for 400-mm span 
decking and 50 mm diameter punch 
(mm) 
Limit state Permissible stress 
method method 
18 893 92S 
22 1333 1337 
Table 6.14 Example solutions: Allowable thicknesses 
Characteristic load Decking thickness (mm) for 400 mm span 
and 50 mm diameter punch 
(kN) 
Limit state Permissible stress 
method 
I 
method 
2.5 1 31 1 33 
4.0 1 43 1 4S 
Design guidelines 
The following guidelines, based on this research 
study, are intended for the design of joisted OSB deckings 
subjected to concentrated loading. 
Loading Currently, there are various Code and Standard 
recommendations on the characteristic area over which a 
concentrated load is considered to act. For domestic 
floors the loaded area quoted in ASTM 661-88 and DS 5669: 
Part 1 1989 and some other design codes (Table 2.1) 
corresponds to a circular area of 25 mm diameter. The 
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latest CEN loading standard ENV 1991-2-1: 1995 states that 
in the absence of specific information about the actual 
loaded area, a 50 mm square area may be assumed. However, 
if the actual loaded area is known to be more severe, then 
the designer is expected under the use of this Standard to 
adopt the more onerous case. The British Standard loading 
for buildings, BS 6399: Part 1 1984, does not state the 
area over which its quoted concentrated loads act. An 
amendment to this standard has gone through public comment 
and specifically, Clause 4.1.2 in ES 6399: Part 1 1984 on 
"Concentrated load" is expected to be extended to include 
the CEN recommendation on loaded area. 
The accuracy of the response is increased if an 
accurate representation of the load (both configuration and 
loaded area) is used in the analysis. The loaded area is 
of major importance in designing for local actions. For 
calculating the bending and reactive shear stresses, the 
effective loaded area may be assumed to be at mid-depth. 
A load spread at an angle of 450 from the edge of the 
contact area at the top surface to mid-depth is advocated. 
Poisson's ratio It is not standard practice for the value 
of Poisson's ratio of wood-based panel products to be 
determined experimentally and its value is seldom given in 
Standards. When the value of Poisson's ratio is not known, 
a conservative approach for the determination of flexural 
deflection is to assume a near minimum value of Poisson's 
ratio of 0.1 or even zero. 
However, assuming that Poisson's ratio is zero 
underestimates the maximum moments. Errors between 20 and 
30% can be incurred in isotropic plate decreasing to 
between 10 and 15% as the degree of bending orthotropy, 
E. /Ey, tends to about four. It is advised that when the 
value of Poissonis ratio is not known, a near maximum value 
of 0.3 is recommended in the calculation of moments. 
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Panel shear modulus The simplified design calculation 
method for OSB (orthotropic) deckings is based on the 
theoretical value of GxY, given by 0 .5 (14 vxvy) 
V (ExEY) 
. In 
practice, the measured and theoretical values of G XY will 
not be equal. The errors in the theoretical moments Mx and 
My and flexural deflection are within ±6i for differences 
between the theoretical and measured values of GxY in the 
range between +309,. - of the theoretical GxY. Thus, the 
simplified method based on the theoretical value of Gxy 
should generally be adequate for design. 
Deflection This is almost invariant of mesh size and 
loaded area. The maximum flexural deflection of a 
continuous decking is about 80% of the flexural deflection 
of a simple decking of the equal span and material 
properties. 
The shear deflections of simple, fixed and continuous 
deckings of equal span and same material properties subject 
to a concentrated load are approximately equal. 
Moments For the determination of moments either a point- 
load or patch-load model of a concentrated load can be 
adopted. For satisfactory moments under a point load, 
square f inite element mesh with side dimension of one-tenth 
of the span in the vicinity of the point load is 
recommended. If the loaded area is known and the ratio of 
span to side length of loaded area is not greater than 40, 
mesh dimensions of half the loaded area dimensions gives 
satisfactory moments (and deflection) with both thin and 
thick plate elements. It is advised that the side length 
of the loaded area (square) that is used in analysis shall 
not be less than one-fortieth of the span in order to avoid 
singularity. A 6'0-o increase of the transverse bending 
moment, My, at the centre of simply supported deckings 
(single and continuous spans) allows for the fact that the 
maximum value of My occurs near the transverse support 
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rather than at the centre of the decking. 
The ratio of MY/Mx is of the order of 0.85 and 0.42 
when Ex/Ey is 1.0 and 4.0 respectively. The maximum values 
of MX and MY moments in continuous deckings are 
approximately equal to the maximum values in the 
corresponding simply supported deckings. 
Reactive shear forces For determination of the reactive 
shear forces, af inite element mesh (in the vicinity of the 
load) with a side length which is equal to half of the 
loaded area dimensions is satisfactory for use with both 
thin and thick plate elements. For design purposes, the 
peak reactive shear force can be assumed to occur when the 
clear distance between the loaded area and the support is 
of the order of the decking thickness. 
6.6 CONCLUSIONS 
The coefficients of variation of major axis properties 
appear to be generally greater than those for the 
corresponding minor axes properties. Except for the planar 
shear modulus the coefficient of variation of the 
properties is of the order of 1196. For coefficient of 
variation of this order the characteristic values of a 
property determined from normal and lognormal statistics 
and the method of ranking were shown to be alm ost 
identical. However, characteristic strengths determined 
from the method of ranking were consistently greater (up to 
about 10'--) than strengths determined from normal and 
lognormal statistics. This may be a reflection of the 
difference between the actual and assumed distributions of 
strength properties. 
The design values depend on the strength-time and 
modulus-time models of visco-elastic behaviour. The 
295 
recently proposed mo 1 icat on factors for the effect of 
load duration and service class on strength and stiffness 
enabled tentative design values for use in both permissible 
stress and limit state methods to be determined. The 
absence of a punching shear-moment interaction equation for 
use in design calculations should not significantly affect 
the global safety factor of designs as the load capacity of 
the test deckings which simulate full-size behaviour was 
about 70% of the punching shear capacity. Safe loads for 
properly designed deckings are of the order of 25% of the 
punching shear capacity. 
A simplified bending design calculation method for 
joisted OSB deckings which utilises the design values 
derived from small-scale tests has been developed. The 
choice of either a simplified plate or beam design approach 
is provided. In the plate method, the moments and 
deflection are calculated from isotropic plate equations 
and coefficients which account for the effects of EJEY, 
G. 
ý/Gyz and vx. 
The beam method uses standard isotropic beam 
equations, orthotropy coefficients and prescribed load 
distribution widths. The relative advantages are that the 
plate method better accounts for the area over which the 
load acts in moments computation, whilst the beam method 
uses equations which are familiar in routine design. The 
simplified design equations have been found to be 
sufficiently accurate for practical purposes. 
From the literature survey, tests and analytical work, 
a critical parameter for local actions is the value of the 
area on which the characteristic concentrated load acts. 
Codes and Standards mainly document the values for the 
loaded area on domestic floors, for which the recommended 
loaded area dimensions vary from 25 to 50 mm. The loaded 
area is relatively less significant for bending stresses 
and has negligible effect on deflection. Due to bearing 
effect near the support, another vital data that is needed 
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is the distance of the load from the support that results 
in maximum reactive shear force. Specific values for wood- 
based panel deckings are scarce. The general plate and 
beam guidelines on the critical distance (in finite element 
analysis) suggests a value of the order of the thickness of 
the decking. Example solutions show that the induced 
reactive shear and bending stresses are critical in designs 
based on the limit state method of EC5. Deflection, 
reactive shear and bending stresses appear to be critical 
in the permissible stress design method of BS 5268. 
Comparison of the finite element and TRADA solutions 
for isotropic deckings has shown that except for flexural 
deflection the assumption that the load distribution or 
beam width is equal to the span is generally 
unsatisfactory. The use of the load distribution widths 
derived for isotropic deckings is recommended. 
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS 
7.1 CONCLUSIONS 
Overall bending and local behaviour are the two broad 
considerations in the design of floor deckings under 
concentrated load. The complex three-dimensional stress 
field in the vicinity of the load makes design for local 
effects, specifically, local strengths, mainly 
experimentally-based. In contrast, bending design relies 
on both bending properties and theories. 
For design purposes, the relevant structural 
properties are the bending, panel and planar shear moduli 
and strengths, Poisson's ratio, together with the bearing 
and punching shear capacities. The properties and 
behaviour of OSB have been typified from tests on unsanded 
oriented strand boards of 15 and 18 mm nominal thicknesses, 
conditioned in a 200C and 65% RH environment. 
The bending behaviour is characteristically linear up 
to about 60% per cent of ultimate strength. The associated 
failure mode is brittle. 
The transverse shear moduli determined from the three- 
point beam test method (18 mm thickness) appear to agree 
reasonably well with the results from the shear parallel to 
panel face test method of EN 789. For the test boards, the 
orthotropy in bending modulus is 2.7 compared to 1.3 for 
planar shear modulus. The levels of orthotropy in bending 
and planar shear strengths are 1.7 and 1.1 respectively. 
These results confirm the general trend supported by recent 
results from other researchers that the degree of 
orthotropy in bending is much higher than in planar shear. 
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The level of orthotropy in planar shear appears to lie 
between 1.0 and 1.5, whilst for bending the range is 
typically between 1.5 and 3.0. The major and minor panel 
shear moduli and strengths are approximately equal. These 
ranges in the degrees of orthotropy are more precise than 
the range between 1.2 and 3.5 that is generally quoted for 
the ratios of mechanical properties in the major and minor 
axes. 
The value of Poisson Is ratio is required f or ef f icient 
analysis and design. The wide tension test piece 
recommended in EN 789, facilitated the use of the long 
Demec gauge length for biaxial strain measurements. The 
averaging of strain in the relatively long gauge length 
minimizes the effect of local deviation of strand 
orientation (from the principal material axes directions) 
on the measured strain. Although it is a mechanical gauge, 
when properly calibrated, against an LVDT, as in this 
research, it appears to be a convenient and simple device 
for measurement of Poisson's ratios. 
The transverse shear modulus which is of the order of 
E. /70, appears to be relatively low. Values of the order of 
E. /50 have been recently reported for other OSB brands. 
Under punching shear, linear behaviour occurs up to 
about 80'0-. of the maximum load. The failure mode is 
typically ductile. An elliptical fan crack pattern 
characterizes the bottom of the ruptured test piece loaded 
by a 25 mm diameter punch. The corresponding capacity is 
approximately proportional to the thickness of the board. 
However, an elliptical crack pattern has not been obtained 
with the So mm diameter punch. The span of the test piece 
in the BS 5669 test method adopted appears to be 
inadequate. This could account for the breakdown of the 
proportionality between capacity and board thickness for 
this punch size. 
299 
The bearing strength has not been determined. It is 
often taken as equal to the compression strength 
perpendicular to the grain of the wood species from which 
the board is manufactured. As various species and grades 
of wood are used f or making load-bearing wood-based boards, 
specification of the allowable bearing strength as the 
near-minimum strength of structural timber seems to be 
gradually gaining favour in design Standards. An allowable 
bearing strength equivalent to that of class SC2 timber has 
already been recommended for grade CS chipboard in BS 5268. 
Excluding the planar shear modulus, the average 
coefficient of variation of the properties is 11-.. 
Relatively high coefficients of variation of the order of 
330-. are reported for the planar shear modulus, although 
variations of the order of 20% have been obtained for the 
test boards by other investigators. 
The small-scale experimental behaviour suggest that 
linear elastic plate bending analysis is appropriate for 
OSB floor deckings. The finite element analysis method 
permitted a parametric study of the bending behaviour. 
Specifically, the effects of the ratio of loaded area 
dimension to span, Poisson's ratio, Ex/Ey, G. ý/Gyzj 
decking 
geometry and boundary conditions on the critical moments, 
reactive forces and deflection of joisted OSB deckings have 
been assessed. The effective bending width of joisted 
deckings, which is relevant in large-scale tests has also 
been assessed in the parametric study. 
For the determination of moments and flexural 
deflection under a concentrated load, either a point or 
patch (assumed as square) load model can be used. The 
accuracy of the response is dependent on the mesh size in 
the vicinity of the load. For a point load, a square 
finite element mesh with side dimensions of one-tenth of 
the span in the vicinity of the load yields moments which 
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are of sufficient accuracy for design purposes. In the 
case of a patch load, a mesh size of half the loaded area 
dimensions produces satisfactory moments. Flexural 
deflections of acceptable accuracy are obtained with either 
a patch or point load and a fine or coarse mesh. In 
general, the accuracy of the response is increased if an 
accurate representation of the loading is used in the 
analysis. This favours the patch-load model in analysis 
involving concentrated loading. 
The induced moments have been found to be strongly 
dependent on the loaded area/span ratio, EJEY and Poisson Is 
ratio. The boundary condition, stiffness orthotropy, EJEYI 
and to a much lesser extent the Poisson's ratio control the 
flexural deflection. By assuming that Poisson's ratio is 
zero, the flexural deflection could be overestimated by up 
to 100i when EJEY is close to unity and by up to 30-. when 
EJEY approaches the upper limit of orthotropy of four. The 
minimal differences between the bending moments in simply 
supported and continuous deckings of equal span and also 
between the flexural deflections attest to the 
insignificance of continuity. 
The effects of Poisson's ratio and E. /Ey on the 
normalized bending moments and flexural deflections in 
simple, f ixed and continuous deckings have been shown to be 
similar. 
The maximum shear deflection due to a point load has 
been found to be strongly dependent on the orthotropy in 
shear modulus, GjGYzj but almost invariant of the support 
condition. 
For the determination of the maximum reactive forces, 
a mesh size dimension (in the vicinity of the loaded area) 
equal to half the actual loaded area dimension produces 
satisfactory results. The critical parameters for the 
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reactive forces are the boundary conditions and to a much 
lesser extent the degrees of orthotropy in bending and 
shear moduli. 
Assessment of the effective bending width has been 
based on the reactive force and stiffness of the decking, 
when the decking is centre-loaded. The results from the 
two approaches are in good agreement. Poisson's ratio has 
been shown to have negligible effect on the effective 
width. The effective widths of simply supported, 
continuous and fixed isotropic plate models of joisted 
deckings are calculated to be 2.0,1.7 and 1.0 times the 
span respectively. Increasing the degree of orthotropy 
slightly reduces the effective width. 
The experimental significance of the effective width 
is that it is the minimum width of f loor decking that 
should be assumed to simulate full-size decking behaviour. 
By using the analytical effective widths as a guide, large- 
scale bending tests on simple, screwed and fixed deckings 
in the span range from 300 to 600 mm, enabled the 
characterisation of the punching shear-moment capacity and 
assessment of the finite element model and effective width. 
In order that the analytical support condition is 
satisfactorily simulated, the problem of lifting near the 
intersection of panel edges and supports has to be 
addressed in the simply supported test model. Minimizing 
slip at the supports appears to be the key consideration in 
simulating a fixed model. 
The large-scale test deckings exhibit linear load- 
deflection behaviour up to at least 65 percent of the 
maximum load. Confirmatory evidence of the validity of the 
analytical model has been mainly provided by the central 
stiffness. However, the experimental stiffnesses of the 
fixed deckings are conservative (about 280ý; lower than the 
analytical), and could be related to the difficulty in 
302 
replicating a rigid support, without any slip. 
The analytical and experimental deflection profiles 
along midspan compare reasonably well. The variation of 
stiffness and load capacity with width/span ratio for the 
simple decking substantiated the analytical prediction that 
for practical purposes the effective width can be assumed 
to be equal to twice the span. These analytical and test 
results confirm the recommendation in American and European 
test standards that a minimum decking width of twice the 
span shall be used for the assessment of the performance of 
full-scale joisted floor deckings under concentrated 
loading. 
The stiffness and deflection profiles of the screwed 
deckings compare closely with those for the simply 
supported deckings rather than the fixed deckings. The 
general design assumption of simple supports for OSB floor 
deckings seems satisfactory. 
The test deckings with ratios of width to span of two, 
which are deemed to simulate full-size behaviour, failed by 
punching. For the simple test deckings with ratios of 
width to span of two, the test values of load capacity 
versus span, which implicitly characterise the effect of 
the interaction of punching shear and moment on load 
capacity, are well-fitted to a linear equation. 
For routine design, the OSB design values and a simple 
but reliable design calculation method are essential. 
Assessment of the characteristic values of the properties 
by normal and lognormal statistics and the nonparametric 
method of ranking confirm recent observation that for 
coefficients of variation of the order of 10%, the mean 
values and 50th percentiles for moduli and the 5th 
percentile strength from the three methods are almost 
equal. The 5th percentile strengths from the method of 
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ranking, though, are consistently greater (5 10*-. ) than 
those from the statistical methods. This appears to be a 
reflection of the difference between the assumed and actual 
distributions of strength properties. 
The effects of load duration on the properties of the 
test board have not been investigated in this study. 
Tentative design values for the test board are calculated 
from prescribed standard modification factors for the 
effect on OSB properties of load duration. The 
modification factors for duration of load and service class 
in EC5 for the test board and C5 chipboard (BS 5268) appear 
to be identical. However, the estimated permissible 
stresses for the test boards (at service class 2 of EC5) 
based on the safety and load duration factors in EC5 appear 
to be significantly smaller than the corresponding values 
based on the factors for C5 chipboard in BS 5268. The 
reverse appears to be the case with the elastic moduli. 
From the large-scale tests, the load capacity of the 
deckings which simulate full-size decking behaviour is at 
least 700-. of the punching shear capacity. In practice, the 
safe load levels are of the order of 25% of the 
experimental punching shear capacity. The design 
significance is that the absence of a punching shear-moment 
interaction equation for design calculation purposes may 
not seriously affect the global factor of safety of 
designs. 
Based on the f inite element analysis and test results, 
a simple design calculation method has been developed for 
joisted OSB deckings. The use of either a plate or beam 
design approach has been provided. The beam method 
requires the use of multiple load-distribution widths and 
standard isotropic beam design equations. Poisson's ratio, 
EJEY and G. 7/Gy. are accounted 
for by the introduction of 
orthotropy coefficients. The accuracy of the proposed 
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method has been shown to be satisfactory for design 
purposes. 
In contrast to bending stress and deflection, the 
reactive shear, bearing and punching shear stresses (local 
stresses) are strongly dependent on the area over which a 
concentrated load acts. The induced reactive shear force 
is also strongly dependent on the clear distance between 
the loaded area and the support. Maximum shear is 
generally induced when the clear distance is of the order 
of the thickness of the decking. For domestic floors, 
there are wide variations in the values of the loaded area 
specified in Codes and Standards. Example solutions 
confirm the significant design implication of the 
recommended characteristic loaded area, specifically, the 
near-minimum loaded area, on local load capacity. 
Comparison of the TRADA and proposed beam design 
calculation methods shows that the former is slightly 
conservative for flexural deflection but inadequate for 
shear deflection, reactive shear forces and moments. 
7.2 RECOMMENDATIONS 
There are several potential areas in which further 
research could be conducted. 
The BS 5669 test method for punching shear capacity is 
based on tests on wood chipboard. The adequacy of the test 
geometry for orthotropic boards such as OSB, is partly 
dependent on whether the fan crack pattern on the bottom 
surface of the test piece is simulated at rupture. The 
central aperture of the steel support plate in the punching 
shear test method of BS 5669 appears to be inadequate for 
OSB loaded by a 50 mm diameter punch. Experimental studies 
to investigate the effect of the size of the aperture of 
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the steel support plate (span of test piece) on the load 
capacity using punch diameters from 50 to 300 mm, which 
cover the loaded areas associated with light to heavy loads 
are recommended. Work in this direction for punch 
diameters from 2S to 300 mm and panel thicknesses from 25 
to over 40 mm is already in motion for chipboard as part of 
the programme of construction research undertaken by the 
Department of the Environment, UK. Tests to investigate 
the behaviour and capacity under square load applicators, 
which are common in service, are also advocated. 
The beam shear modulus test was included for 
investigative purpose and for comparison with the results 
of the shear parallel to the panel face test method (EN 
789). The differences between the results are not 
considerable. The simple and cheaper beam method, which in 
principle is a centre-point bending test method, simulates 
the elastic stress-strain distribution in practical floor 
decking. It also avoids the problem of achieving zero slip 
between the bonded test piece and steel plates in -the 
planar shear stress test method of EN 789. However, more 
tests are recommended in order to refine this method in 
terms of the precision, bias, loading rate and test piece 
dimensions for the range of thicknesses and elastic moduli 
of OSB and other wood-based panel products. 
The value of Poisson's ratio is required for precise 
decking design. The scarcity of experimental data on 
Poisson's ratio of wood-based panels contrasts its 
significant influence on bending stress. There is a strong 
case for more experimental research on the Poisson's ratio 
of wood-based panels, including both axial and bending 
methods for its determination. Mechanical strain gauges, 
dial gauges, or LVDTs mechanically mounted to the specimen 
are easier to control and are well recommended. They -can 
be installed over a relatively long gauge length, 100 mm or 
more, to minimize the effect of local grain deviation which 
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is common in OSB and waferboard. 
Designs based on the small-scale properties exclude 
consideration of the effect of interaction of punching 
shear and bending on the strength or capacity of deckings. 
A load capacity versus span equation has been proposed for 
the test board. This information is simple to obtain but 
is specific to the thickness range of the test board. 
Similar tests on other brands and grades of OSB and ot * 
her 
board types could be the basis for either a specific or 
general load capacity-span relationship. 
An alternative approach is the development of a 
punching shear-moment interaction equation. For deckings 
under combined punching shear and bending, the stress state 
at the bottom surface of the decking directly under the 
load appears to be critical. Analytical studies of the 3- 
dimensional stress state and experimental studies of the 
extreme fibre stresses in the vicinity of a concentrated 
load are recommended. This could provide numerical 
information on the relative importance of flexure, 
transverse shear and compression and tension perpendicular 
to the plane of the board on the failure mode. The results 
could also be the basis for a punching shear-moment 
interaction equation for use in design. 
In plate analysis, the maximum transverse shear force 
is developed when the applied load is next to the support. 
However, in practice, when the load is next to the support, 
its dispersion results in the load being supported by 
bearing and transverse shear. Of significance is the 
complex 3-dimensional stress state in the vicinity of the 
load and the sensitivity of the maximum reactive shear 
force to the distance of the applied load from the support. 
The localized effect means that the problem is more 
complicated than assumed in classical and numerical plate 
analyses. When the load is near a support, the decking 
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behaviour and the determination of the maximum reactive 
force deserves 3-dimensional numerical analysis and 
experimental investigation, specifically, detailed 
parametric studies of the effects of loaded area 
dimensions, support f ixity, board thickness and distance of 
the load from the support. Information from these studies 
could provide invaluable information for wood-based decking 
design rather than the current tentative assumption or 
rule-of thumb approach based partly on results from other 
decking materials. 
Further parametric studies of the bending response 
under other configurations of loading, for example, 
multiple concentrated loads are recommended. Extension of 
the range of orthotropy in material stiffness to cover 
other wood-based laminated panels is also advocated. The 
bending behaviour (under concentrated load) of floor 
deckings in which construction adhesive is used to 
supplement nail and screw fastenings is also worthy of 
investigation. 
The area over which a concentrated load is considered 
to act is critical for local actions, namely, reactive 
shear, bearing and punching shear. Standards on imposed 
loading for buildings appear to contain limited data on the 
characteristic loaded areas (for the recommended single 
concentrated loads) on non-domestic floors. There is need 
for more data for these floors for use in routine design. 
On the premise that the accuracy of the local response of 
the decking is strongly dependent on the accuracy of the 
loading model, there is the obvious limitation of using in 
calculations and large-scale testing a single concentrated 
load as recommended in many Codes and Standards. In this 
regard, introduction of the idea of a group of concentrated 
loads deserves attention, especially, in the face of the 
wide variation in the recommended near-minimum area over 
which the single concentrated load is considered to act. 
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For the test boards, there seem to be marked 
differences between the permissible stresses and moduli 
derived from the load duration and safety factors in DD ENV 
1995-1-1: 1994 and the equivalent values determined from BS 
5268. Example solutions have shown that the implication is 
that the critical design considerations are strongly 
dependent on which Standard is adopted in design. However, 
in Britain, designs based on the relatively recent limit 
state method of EC5 and the permissible stress method of BS 
5268 are acceptable during the prestandard or ENV period 
agreed on by the European Committee for Standardization 
(CEN). More comparative permissible stresses and moduli 
for other brands and grades of OSB and decking design 
solutions (BS 5268 and DD ENV 1995-1-1: 1994 Standards) 
using the proposed simplified method are recommended. The 
ensuing information should help to improve the 
compatibility of the Standards and simultaneously 
facilitate revision to the DD ENV 1995-1-1: 1994 prestandard 
before it is converted to a European Standard (EN). 
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17 Transverse 29 to 32 
Planar shear 
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-- 
Test piece size 
10 Tension .......... 1200 x 250 
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2 Planar shear ..... 225 x 100 
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APPENDIX 2 
PANEL AND PLANAR SHEAR TEST RESULTS 
PANEL SHEAR TEST (CTBA, 1994) 
Sterling board 15 thick at 20'C and 65% RH 
Face grain perpendicular to rails Face grain parallel to rails 
Test Failure Modulus Strength Test Failure Modulus Szirengzh 
piece load piece load 
(N) (NI MM2) (NI MM2) (N) (N/m, -. (N/mm: ) 
1 85200 1297 9.20 1 71600 100i 7.70 
2 74400 1132 8.00 2 82000 1035 8.80 
3 65200 1054 7.00 3 77600 1085 8.40 
4 96800 1138 10.40 4 68800 122ý 7.4 
5 66000 1067 7.10 5 79200 1138 8.50 
6 88400 1039 9.50 6 76800 1104 8.30 
7 72400 1135 7.80 7 80000 1035 8.60 
8 74000 1418 8.00 8 82800 1071 8.90 
9 82800 1260 8.90 9 75200 927 8.10 
10 87600 1259 9.40 10 74800 1046 8.10 
11 58400 1079 6.30 
12 73600 1058 7.90 
13 88000 1265 9.50 
Mean 77975 1179.9 8.530 Mean 74975 1082 . 46 8.192 
STD 8886 123.65 1.119 STD 8512 89.18 0.788 
COV k 11.40 10.48 13.11 COV !k 11.35 8.24 9.617 
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PANEL SHEAR TEST (CTBA, 1994) 
Sterling board 18 mm thick at 20'C and 65% RH 
Face grain perpendicular to rails Face grain paraile'l to rails 
Test Failure Modulus Strength Test Failure X: i,.; Ius Strength 
piece load piece load 
(N) (NIMM2) (N/MM2) (N) -,, MM2 (N/mm 2 
1 89600 1246 8.0 1 79200 958 7.10 
2 84000 1065 7.5 2 82400 1184 7.40 
3 97200 1399 8.7 3 95200 977 8.60 
4 85200 1413 7.7 4 97200 8. '70 
5 68000 1173 6.1 5 103600 9.30 
6 101600 1217 9.1 6 95600 8.60 
7 95200 1361 8.6 7 87600 -259 7.90 
8 83600 1502 7.5 8 86400 1212 7.80 
9 82800 1152 7.40 
10 99200 258 8.90 
11 92400 8.30 
Mean 84325 1297 7.9 Mean 87500 1' 76 . 00 8.18 
STD 10922 145.5 0.94 STD 11482 142 . 55 0.71 
COV %ý 12.9.5 11.22 11.89 COV !k 13 . 11 -2.12 8 . 66 
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PLANAR SHEAR TEST (CTBA, 1994) 
Sterling board 15 mm thick at 20'C and 65% RH 
Face grain perpendicular to load Face grain parallel to load 
Test Failure Modulus Strength Test Failure Modulus Stren3t'-- 
piece load piece load 
(N) (N/mm') (N/mm') (N) (17/mm') (ý ,; mm 
1 48000 36.00 2.13 1 41000 58.67 1.96 
2 49800 94.86 1.21 2 50400 144.00 2.24 
3 31800 55.30 1.41 .3 60200 80.27 2 . 68 
4 40000 66.67 1.78 4 49600 94 . 48 2 . 20 
5 46400 40.35 2.06 5 39800 32 . 49 1 . 77 
6 36000 S7.60 1.60 6 38400 54.86 1.71 
7 43600 47.14 1.94 7 42600 84.80 1.89 
8 33400 74.22 1.48 8 44800 85.33 1.99 
9 37800 108.00 1.68 9 51200 128.00 2.28 
10 39400 30.31 1.75 10 51200 81.92 2.28 
11 36800 39.78 1.64 11 51200 75.85 2.28 
12 31200 36.61 1.39 12 42200 56.27 1.88 
13 45000 45.00 2.00 13 43200 57.60 1.92 
14 39400 71.64 1.75 
Mean 39938 56.30 1.78 Mean 46300 79.01 2.06 
STD 6182 
I 
23.31 
I 
0.27 
I 
STD 61S7 29.28 
I 
0.27 
I 
COV ;; 
1 
15.48 
1 
42.30 
1 
is . 
48 
-C 
0-"- 13 . 
30 
1 
37.06 
1 
13 . 
30 
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PLANAR SHEAR TEST (CTBA, 1994) 
Sterling board 18 mm thick at 20'C and 65% RH 
Face grain perpendicular to load 
11 
Face grain parallel to load 
Test Failure Modulus Strength Test Failure Modulus Strength 
piece load piece load (NI MM2) 
(N) /MM2) (N MM2) (NI (N) (N/mm') 
1 32000 43.89 1.42 1 35400 65.35 1.57 
2 26800 66.93 1.19 2 43900 74.40 1.95 
3 33000 44.00 1.47 3 39800 56.19 1.77 
4 33600 76.80 1.49 4 46200 69.30 2.05 
5 30800 70.40 1.37 S 28800 57.60 1.28 
6 23800 57.12 1.06 6 42400 101.76 1.88 
7 37800 69.79 1.68 7 41400 94.63 1.84 
8 36800 58.53 1.64 8 37400 74 . 80 1 . 66 
9 40200 42.88 1.79 9 32400 74.06 1.44 
10 42800 79.02 1.90 10 39800 70.70 1.77 
11 49400 65.87 2.20 11 34400 117.94 1.53 
12 35400 73.88 1.57 12 37600 82.04 1.67 
13 38000 58.84 1.69 13 43600 65.40 1.94 
14 31400 37.68 1.40 14 43800 36.2S 1.95 
15 37600 44.02 1.67 
16 35000 67.20 1.56 
Mean 35129 59.62 1.56 Mean 36719 71.98 1.72 
STD 6525 13.61 0.29 STD 4621 20.44 0.21 
COV !k 18.57 22 . 83 18.57 COV !k 11.93 28.39 12.32 
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APPENDIX 3 
PLATE DESIGN EQUATIONS AND ASSESSMENT RESULTS 
PLATE DESIGN EQUATIONS 
MOMENTS 
Simple plate 
MX =f2 (E. /Ey, vx) *P/ [2.25+7 (a/L) My=f3 (E. /Ey, Vx) *P/ [2.8+7 (a/L) 
Fixed plate 
MX =f2 (Ex/Ey, vx) *P/ [2.8+7 (a/L) 
Continuous plate 
Mx =f 2 (Ex/Ey, vx) *P/ [2 . 4+7 (a/L) 
My= f3 (E. /Ey, Vx) *P/ [3 - 15+7 (a/L) I 
my= f3 (E. /Ey, Vj *P/ [2 . 9+7 (a/L) 
I 
FLEXURAL DEFLECTION 
Simple plate wf =f1 (E. /Ey, vx) * 12 PL 
2/ 
(5 9. lExt 
3 
Fixed plate wf =f1 (E. /Ey f vx) * 12 PL 
2/ 
(139 
. 5Ex 
t3) 
Continuous plate wf = f,. (E. /Ey, vx)*12PL 
2/ 
(76.4E 
Xt 
3 
SHEAR DEFLECTION 
Simple/f ixed/continuous plates w,, =f (G., /Gyz) *0.92P/ (G. zt) 
REACTIVE FORCES (INTENSITY) 
Simple plate longitudinal = transverse = 0.27P/(a+t) 
Continuous plate longitudinal = 0.33P/(a+t) 
transverse = 0.27P/(a+t) 
Fixed plate longitudinal = transverse = 0.38P/(a+t) 
where a and t are the side length of square loaded area and 
panel thickness respectively. 
ORTHOTROPY COEFFICIENTS 
These apply to simple, fixed and continuous plates. 
Moments 
Mx coef f icient 
is f2 (Ex/Ey, vx) = [0 . 78+0 . 26ý 
(E. /Ey) ] (0 
. 95+0 . 5vx) 
My coef f icient is f3 (E. /Ey, vx) = [1.45-0 .W 
(E. /Ey) 1 (0 
. 92+0.86vx) 
Flexural deflection 
Coefficient fl(Ex/Ey, vx) =(0.54+0.46VEx/Ey) (1-0.6v'x) 
Shear deflection 
yz) =0.63 +0- 37*G. z/Gyz Coefficient 
f(G. 
z/G 
316 
ASSESSMENT RESULTS 
Table Cl Shear deflection: G,, /Gyz sensitivity study 
Decking Approximate Simple Fixed Cý - ýý 
simple fixed decking defl decking defl . 
, ndo US 
deckin3 def I 
& continuous W. (MM) W. (MM) W. (MM) deckings defl 
W. (MM) 
AP FEA k Diff FEA ýDiff F IA 
(AP-FEA)/ (AP-FEA'/ 
FEA FEA FEA 
M 0.98 0.97 1 1.04 -6 1.111 -3 
Q 1.34 1.34 0 1.34 0 1.37 -2 
R 1.71 1.64 4 1.64 4 1.66 3 
S 2.07 1.93 7 1.89 10 1.94 7 
Table C2 Simple decking: E, /Ey and vx sensitivity study 
Decking Moment M. 
(Nm) 
ýk Diff Moment My 
(Nm) 
kDiff Flexural dý-f- 
W, (mm) 
! ýDiff 
AP FEA AP FEA AP F 
M 400 383 4 323 311 4 21.53 211.5- 0 
N 460 464 -1 405 418 -3 19.58 12- .I : -; 8 
0 500 508 -3 182 193 -6 31 . 43 30.57 3 
p 575 561 2 229 229 0 28.59 29.5z -3 
Table C3 Fixed decking: E, /Ey and vx sensitivity study 
Decking Moment M. 
(Nm) 
!k Diff Moment My 
(Nm) 
%rDif f Flexural defl 
W, (mm) 
! kDiff 
AP FEA AP FEA AP F-7- 
M 330 315 5 290 276 5 9.12 9. r 0 
N 380 389 -2 365 363 0 8.29 7.77 7 
0 413 414 0 164 169 -2 13.31 13 . -, 2 2 
p 475 462 3 206 199 4 12.11 12 .55 -4 
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Table C4 Continuous decking: E,, /Ey and v. sensitivity study 
Decking Momený M. t Diff Moment My 
(Nm) 
VDif f Flexural defl 
W, (mm) 
iff 
AP FEA AP FEA AP FEA 
M 378 358 6 312 300 4 17.06 17.15 -1 
N 435 439 1 393 400 -2 15.51 14.55 7 
0 473 474 0 176 185 -5 24.90 24.42 2 
p 544 526 3 222 220 1 22.65 23.50 -4 
Table C5 Simple decking: approximate and FEA moments 
Decking Moment M. 
(Nm) 
k Diff. Moment My 
(Nm) 
Diff . 
AP FEA AP FEA 
G 541 535 1 281 262 7 
H 443 439 1 345 332 4 
1 444 440 1 316 296 7 
1 452 453 0 250 233 7 
K 452 453 0 250 233 7 
L 487 493 -1 206 213 -3 
Table C6 Simple decking: approximate and FEA deflections 
Decking Flexural def I wf(mm) Diff. Shear defl w. (mm) !k Diff. 
AP FEA AP FEA 
G 11.52 11.88 -3 1.64 1.58 4 
H 5.65 5.60 1 2.11 2.08 1 
1 1.26 1.26 0 0.98 0.98 0 
1 8.45 8.43 0 3.64 3.48 5 
K 8.45 8.43 0 2.12 2.10 1 
L 9.72 9.48 3 1.06 1.08 -2 
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Table C7 Fixed decking: approximate and FEA moments 
Decking Moment M. 
(Nm) 
k Diff. Moment Ky 
(Nm) 
k Diff. 
AP FEA AP FEA 
G 446 441 1 253 227 
H 365 363 1 311 291 7 
1 366 362 1 284 260 9 
1 373 370 1 225 206 9 
K 373 370 1 225 206 9 
L 402 403 0 185 184 0 
Table C8 Fixed decking: approximate and FEA deflections 
Decking Flexural defl w, (mm) Diff. Shear defl w. (mm) t Diff. 
AP FEA AP FEA 
G 4 . 
88 5.06 -4 1.64 1.61 2 
H 2.39 2.39 0 2.11 2.16 -2 
1 0.53 0.54 -2 0.98 0.98 0 
1 3.58 3.59 0 3.64 3.48 5 
K 3. S8 3.59 0 2.12 2.30 -8 
L 4.12 4.03 2 1.06 1.16 -9 
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Table C9 Continuous decking: approximate and FFIA moments 
Decking Moment M. 
N"I 
1 Diff. Moment M, 
( N"n 
Ciff. 
AP F AP FEA 
G 511 5111 2 273 250 9 
H 419 412 2 335 319 5 
1 419 412 2 306 284 a 
1 427 423 1 242 224 8 
K 427 423 1 242 224 a 
L 460 459 0 199 196 2 
Table C10 Continuous decking: approximate and FEA deflections 
Decking Flexural defl w, (mm) k Diff Shear defl w. (mm) k Diff. 
AP FEA AP FEA 
G 9.12 9.49 -4 1.64 1.61 2 
H 4.48 4.48 0 2.11 2.13 -1 
1 1.00 1.01 -1 0.98 0.99 -1 
1 6.69 6.73 -1 3.64 3.55 3 
K 6.69 6.73 -1 2.12 2.20 -4 
L 7.70 7.61 1 1.06 1.09 -3 
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APPENDIX 4 
SIMPLIFIED BEAM DESIGN METHOD 
In the TRADA simplified beam design calculation method 
for point-load bending of joisted isotropic decking, the 
equivalent beam width is assumed to be equal to the span. 
The line load on the beam is uniformly distributed over the 
equivalent width and is equal in total to the applied point 
load. However, there are doubts about the soundness of 
this assumption. 
The maximum moments, reactive forces and deflection in 
the equivalent beam should be equal to the corresponding 
maximum values in the plate. The equivalent beam widths 
are therefore directly related to the plate response. 
There is the likelihood of different equivalent widths for 
each of the three main design considerations (i. e. moments, 
deflection and reactive forces). 
Multiple equivalent beam widths may be confusing or 
awkward in design. However, if the difference between the 
equivalent beam widths is small, the use of a single beam 
width for the three considerations should simplify the beam 
design method. 
The TRADA design proposal applies to isotropic decking 
only. The design method to be developed should extend the 
beam concept to OSB (orthotropic) decking. In the 
development of the beam design method, the span, L, and 
material properties of the beam are assumed to be identical 
to those of the plate or decking. 
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FLEXURAL DEFLECTION 
Simple decking 
In order that the flexural deflection of an isotropic 
beam of span L be equal to the flexural deflection of a 
long rectangular isotropic plate of span L, the following 
equation must be satisfied 
PL 
3 
/48EI = PL 
2 
/59.1D 
I= 59.1DL/48E 
where I= bf t3/ 12 and bf is the equivalent beam width and D 
= Et 
3/ 
12 (1_V2). The equivalent width, b., is dependent on 
Poisson's ratio. 
The equivalent beam width for an isotropic plate with 
a Poisson's ratio of v=0.1 and a modulus of elasticity E 
is obtained by substituting v=0.1 in D=E t3/ (12 (, _V2) 
Hence, 
bf 59. IL = 1.23L = 1.2L 48 
The equivalent beam width, b, for an isotropic plate with 
Poisson's ratio of 0.1 is 1.23L. This is rounded to 1.2L 
for practical computation. 
The deflection of the equivalent orthotropic beam must 
be equal to the deflection of the orthotropic plate. 
Therefore, the equation for the flexural deflection of the 
equivalent orthotropic beam is therefore of the form 
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Wf «'2 
PL 3f1(EX, 
vx) 48EJ Ey 
where I= bft'/12 and fl(E. /Ey, v,, ) is the orthotropy 
coefficient. 
Fixed decking 
Using a procedure similar to that for the simple 
plate, the equivalent beam width is derived from the 
equation 
PL 
3/ 
192EI PL 
2/ 
13 9.5D 
substituting D=E t3/ (12 
(1_V2) 
and I= bf t 
3/ 
12 and v=0.1 
bt 139.5L. = 0.726L = 0.7L 192 
The equivalent beam deflection equation is 
PL 3 
fl ( 
Ex" 
vx) 
19 2 Ej Ey 
Continuous decking 
The maximum deflection of a beam continuous over two 
spans is PL 3/ 67EI. For equality of plate and equivalent 
beam deflections 
PL 
3 /67EI = PL 
2 /74.6D 
For a Poisson's ratio of 0.1, the equivalent beam width is 
b. c = 
74.6L 
= 1.11L = 1.1L 67 
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The similarity between simple and continuous plate 
curves in Figs 4.5 and 4.7 suggests that the orthotropy 
coefficient is the same as that for simple plate. 
Therefore, the equivalent beam deflection equation is 
PL 3f1( Ex, 
v X) 67 ExI Ey 
SHEAR DEFLECTION 
It has been shown in Section 6.3.2 that the equivalent 
beam equation is 
1.2PL (0. 
Gxz 
WS =- 63 + 0.37-) 4 Gx, tb 
s 
GYZ 
where bs (= 0.33L) , is the equivalent beam width for 
determination of shear deflection of an isotropic plate. 
MOMENTS 
Simple decking 
An alternative approach to the use of the simplified 
plate equation is to use the equivalent beam width 
corresponding to the reference isotropic plate and the 
orthotropy coefficient. The reference plate has a 
Poisson's ratio, v, equal to 0.1 and a bending modulus, E.. 
The equivalent beam width for moments, bm, must satisfy 
the longitudinal moment equilibrium equation given in 
Szilard (1974) and Hahn (1966) as follows 
bm x Mxmax = PL/4 
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bm = PL/ 
(4Mxmaxl 
where M=ax 
iS the maximum longitudinal bending moment at the 
centre of the plate. From equation 6.14, M xmax is a function 
of the loaded area/span ratio and Poisson's ratio. For the 
assessment of Mxmax I the near minimum value of ratio of side 
length of square loaded area to span, a/L, of 0.025 is 
assumed, while Poisson's ratio is assumed to be 0.1. For 
Substituting this value of a/L in Equation 6.11, M=ax (in a 
simple isotropic plate) is 0.41P. For a simply supported 
plate, the condition for equality of the maximum 
longitudinal moment in the plate and equivalent beam means 
that 
0.4lPbm = PL/4 
bm = 0.61L = 0.6L 
Therefore, the orthotropic beam moment M. is given by 
PL/4 *f2 (E. /Ey, vx) , with bm the load distribution width 
being 
equal to 0.6L for stress computation. The full equation is 
mx = 
PL (0.78+0.26%/-Lx) (0.95+0.5Vx) 
4 Ey 
From Table 4.7 or putting a/L = 0.025 in Eqns 6.11 to 6.13, 
the maximum transverse moment My in simple, f ixed and 
continuous isotropic deckings is approximately 0.85M.. 
Therefore, My in the beam method is given by 
my = 0.85( 
PL ) f3 ( 
Ex 
1 VX) Ey 
M, = 0.85 ( 
PL ) (1.45-0.44ý/-: 
ýx-) 
(0.92+0.86v ) 
Ey 
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Fixed decking 
From Equation 6.12, the peak longitudinal moment Mx in 
a fixed isotropic decking with a Poisson's ratio of 0.1 is 
0.34P. The equivalent beam width must satisfy the equation 
0.34Pbm = PL/8 
bm = 0.37L 
The equivalent load distribution width is 0.37L for fixed 
decking, but 0.6L for simple decking. The general 
expression for longitudinal moment Mx is 
m PL Eý, 
x 
f2 
Ey 
my = 0.85 ( 
PL ) f3 (E, vx) 
EY 
Continuous decking 
From Equation 6.13, the maximum longitudinal moment Mx 
in a continuous plate with a Poisson's ratio of 0.1 is 
0.39P. The equivalent load distribution width for 
calculation of longitudinal bending moment M. should satisfy 
the equation 
0.39Pbm = PL/8 
bm = 0.32L 
The general equations for moments computation are 
326 
--x = 
PL f2 ( 
E 
' 8 Ey 
My = 0.85 ( 
PL ) f3 (, EX, 
Ey 
REACTIVE FORCES 
In a simple isotropic decking, the maximum reactive 
force intensity is 0.27P/(a+t), where a and t are side 
length of square loaded area and the panel thickness 
respectively. For equivalence of peak reactive force 
intensity in plate and beam, the equivalent beam width or 
load distribution width bri is determined from the equation 
0.27P/(a+t) = P/br 
b. 
r = 3.7 
(a+t) 
For typical side lengths of square loaded area and 
panel thickness of 0.05L, the equivalent beam width, b, is 
0.37L. For the equivalent beam width for a fixed plate 
0.38P/(a+t) = P/br 
b. 
r = 2.6 
(a+ t) 
The equivalent beam width for a continuous plate is 
(longitudinal reactive force is critical) 
0.33P/(a+t) = P/br 
b. 
r = 3.0 
(a+ 
It is noted that the critical transverse reactive force in 
a continuous plate is 0.27P/(a+t). 
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SIMPLIFIED BEAM DESIGN EQUATIONS 
These are 
response 
deckings. 
MOMENTS 
Simple 
the equivalent beam equations for calculating the 
of simply supported, fixed and continuous joisted 
Mx =f 2 (Ex/Ey, Vx) *PL/4 
Fixed MX =f 2 (Ex/Ey, vx) *PL/8 
Continuous MX =f2 (E. /Ey, vx) *PL/8 
My =f 3 (E. /Ey, vx) *0 . 85PL/4 
My =f 3 (E. /Ey, vx) *0 . 85PL/8 
My =f 3 (E. /Ey, vx) *0 . 85PL/8 
Note for stress computation I= bit'/12, where b, is the 
equivalent width e. g. for simple plate b, = 0.6L. 
FLEXURAL DEFLECTION 
Simple wf =f1 (E. /Ey, vx) *PL'/4 8E. I 
Fixed w. =f1 (E. /Ey, vx) *PL 
3/ 192EJ 
Continuous w, = fl(E. /Ey, vx)*PL 
3 /67ExI 
where I=b, t 3/ 12 where bi is the corresponding effective width 
e. g. for simple plate bi = 1.20L 
SHEAR DEFLECTION 
Simple, f ixed and continuous: w. =f (G., /Gyz) *1.2PL/ (4G. bit) 
where bi = 0.33L 
REACTIVE FORCE 
Simple, fixed and continuous supports: 
longitudinal @ transverse forces =P 
For stress computation use the corresponding equivalent 
width e. g. for simple plate bi = 3.7(a+t) 
EQUIVALENT BEAM OR LOAD DISTRIBUTION WIDTH (b, ) 
Flexural deflection Simple plate = 1.20L 
Fixed plate = 0.73L 
Continuous plate = 1.10L 
Shear deflection Simple plate 0.33L 
Fixed plate 0.33L 
Continuous plate = 0.33L 
Moment Simple plate = 0.60L 
Fixed plate = 0.38L 
Continuous plate = 0.32L 
Reactive force Simple support = 3.7(a+t) 
Fixed support = 2.6 (a+t) 
Continuous support = 3.0(a+t) 
where a and t are the side length of square loaded area and 
panel thickness respectively. 
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EXAMPLE SOLUTION 
PROPOSED METHOD AND TRADA METHOD FOR ISOTROPIC DECKINGS 
UNITS N mm 
CONTINUOUS DECKING GEOMETRICAL DATA 
Span .................... = 600 mm 
Nominal thickness ....... = 22 mm 
Second moment of Area.. = 887 MM4/MM width 
Section modulus ........ = 80 
MM3/MM width 
Decking supported on 47 x 220 mm SC3 Joists 
LOADING 
Imposed characteristic concentrated load =P 
Diameter of circular loaded area = 25 mm 
PERMISSIBLE STRESSES, MODULI ETC. 
The dry grade stresses, moduli etc., for a 22 mm thick 
type C5 wood chipboard (BS 5268: Part 2 1991) are 
Bending stress a=4.48 
Bending modulus E= 555 
Planar shear stress T=0.52 
Planar shear modulus G- E/16 
Punching shear capacity (25 diam punch) 1867 
Bearing stress = 2.1 
For medium-term duration the modification factor for 
bearing strength is 1.25. For all other strengths the 
corresponding modification factor is 1.8. The modification 
factor is 3.58 for medium-term modulus when the stress 
level is equal to the permissible bending stress. 
MOMENTS 
Maximum bending momen 
Z= bit 
2/6 
and bi =L 
bi = 0.32L = 
Bending stress= 
Mmax ý 
=s, P= 5202 
t, M.. = PL/8 
600 (TRADA) 
192 (PROPOSED) 
uZ =* P=8.67bi 
(TRADA) P= 1665 (PROPOSED) 
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DEFLECTION 
The deflection depends on three unknown quantities 
the value of the concentrated load, P, 
the bending stress ratio, r, and 
the modification factor for MOE 
The max. permissible value of P is found by means of three 
simultaneous equations. The stress ratio, r, is def ined as 
Applied bending stress/permissible bending stress 
r= Mm. /Zor =6x 75P/ (bit 2x8.06) = 0.115P/bi (1) 
where bi is the equivalent beam width f or moment. 
For permissible stress design, the modification factor (BS 
5268 Part 2 Appendix Q and DESIGN AID DA 9 TRADA (1992) 
inclusive of the stress level factor, r, is [C,. - (C, -C) r] = 
k, where C, is the ratio of short term modulus to long-term 
modulus and C is the ratio of modulus at the time T under 
consideration to the long-term modulus. For this problem 
C, = 5.63 and C=3.58, hence, the stress level factor is 
k=5.63 - 2.05r ..... 
(2) 
Substituting equation (1) in equation (2) 
k=5.63 - 0.236P/bi ......... 
(3) 
Substituting equation (3) in the equation for maximum 
deflection and assuming the maximum deflection, w max , 
due to 
imposed concentrated load occurs at midspan 
Wmax = Wf +WS 
Wf + WS : -- 
PL 3+ 2pLt2 
67kEI 5kE-T 
which reduces to 
12pL3 
Wf +WS 
67kEbf t3 
OA DT 
D J-%. Cj tlu 
bf = bs =L (span) in the TRADA method. In the proposed 
method, bf = 1.1L and b. = 0.33L. Assuming no allowance for 
the bending stress level, i. e. r=1 at maximum deflection, 
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the loads to attain the maximum allowable deflection of 
0.01L (6.00) are 1897 and 1933 N from the TRADA and 
proposed methods respectively. In the case of the TRADA 
method, the maximum applied load is less than the load to 
induce maximum permissible bending stress (5202 N) i. e. the 
bending stress ratio, r, is less than unity. Allowing for 
the stress level in the value of the modulus, the maximum 
allowable load for a maximum deflection of 0.01L 6.00 mm) 
is 2472 N. 
REACTIVE FORCES 
Maximum shear forces 
Qmax "": 0.33P 
The maximum stress is 1-5Qrnax/bjt where bi is the equivalent 
width for reactive force and t is the thickness of the 
decking. bi = 600 (TRADA) and for the proposed method 
bi = 2.3 (a + t) = 2.3 (2 5+2 2) 108 
Permissible stresses: T=0.94 
From which, 1.5P/b, t = 0.94 =ý P=0.627b, t 
=* P= 8276 (TRADA) P= 1490 (PROPOSED) 
BEARING 
At support 
Assuming the short edges of the board are positioned at the 
centre of the joist, the bearing breadth (B) is half the 
width of the joist at the ends and the full width of the 
joist at midsupport. The width of joist is assumed to be 
47 mm. 
The critical case is when P is near an end support. 
The applied bearing stress is given by 
P/ [ (0.5 x 47) bil , where b, is the equivalent width 
for 
bearing stress. This is equal to the diameter of the 
loaded area. The equivalent width in the TRADA method is 
the span of the decking. 
Hence, P/ [ (0.5 x 47) x bil 2.625 P= 61.69bi 
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Therefore, the maximum loads are 
P= 1542 (TRADA) and 37014 (PROPOSED) 
Under Concentrated Load 
Stress under load is limited to permissible bearing stress 
P/ [ (7T x 25 
2) /41 = 2.625 
P= 1289 (TRADA and PROPOSED methods) 
PUNCHING SHEAR 
The maximum permissible punching shear load is 3361 N 
(TRADA and proposed methods). 
SUMMARY OF MAXIMUM PERMISSIBLE LOADS (N) 
Moments: 5202 (TRADA) and 1665 (PROPOSED) 
Deflection(No allowance for stress level) : 18 97 (TRADA) 
and 1933 (PROPOSED) 
Deflection (With allowance for stress level) : 2472 (PROPOSED) 
Reactive forces: 4567 (TRADA) and 822 (PROPOSED) 
Bearing: 1289 (for both methods) 
Punching shear: 3361 (for both methods) 
Stiffness-stress level relationship (for permissible stress 
design based on modification factors in BS 5268 Part 2: 
1991) 
The creep modulus depends on the load duration and the 
stress ratio, r, defined as the ratio of applied 
stress/permissible stress. The load duration and stress 
level are taken into account through a combined 
modification factor, k. The stress ratio, r, is equal to 
unity when the applied stress level is equal to the 
permissible stress level. A linear relationship is assumed 
to exist between ET and the stress ratio, r. When the 
stress ratio is zero, there is no creep and the value of ET 
is equal to the short-term test value. A general expresion 
for modulus is kx maximum permissible long-term modulus. 
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The modification factor, k, is [C1 - (CI - C) r] , where C, is 
the ratio of short term modulus to long-term modulus and C 
is the ratio of modulus at the time T under consideration 
to the long-term modulus. The modulus at time T, ET I in 
terms of r and the long-term modulus, E LTI 
is of the form 
C) r] E LT 
kELT ET IC1 (Cl 
When r is equal to 1, ET is CrELT and when r is equal to 
zero, 
ET is equal to C1E LT * For a long-term duration C=1 
and the precise expression for the long-term modulus is 
(Cl - 1) r] E. For grade C5 chipboard, C, given by ET 
[C1 
LT 
for a 50 year duration period is 5.63 and C for medium-term 
duration is 3.58. A similar relationship is considered 
applicable to the transverse shear modulus. 
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APPENDIX 5 
TYPICAL DESIGN CALCULATIONS FOR OSB DECKINGS 
CONTINUOUS DLCKING GEOMETRICAL DATA 
Span, L .................... = 400 mm 
Nominal thickness, t ....... = 18 mm 
Second moment of Area, I.. = 486 MM4/MM width 
Section modulus, Z ........ = 54 mm 
3/MM 
width 
Decking supported on 63 x 195 mm SC3 Joists 
LOADING 
Imposed characteristic concentrated load P 
Design load, ultimate limit states = 1.5P 
Design load, serviceability limit states 1. OP 
Diameter of circular loaded area = 25 mm 
DESIGN CALCULATIONS (LIMIT STATE METHOD) 
UNITS N mm 
MOMENTS 
Maximum moments are computed from Eqns 6.13,6.15 and 6.16 
Maximum longitudinal bending moment, Mxmax =: 0.68P 
Bending stress = M... /Z 12.59 x 10- 
3P= 
GrX 
GrX = 0.7x18.1/1.3 9.75 =ý P= 774 
Maximum transverse bending moment, Mymax 0.37P 
Bending stress = 
Mymax /Z = 6.85 X 10-3p =ay 
Gry = 0.7xlO. 0/1.3 = 5.38 P= 786 
DEFLECTION 
Assuming the maximum deflection due to imposed concentrated 
load occurs at midspan. instantaneous deflection (ui,,., t)= 
instantaneous flexural (w, ) + shear (w., ) deflections 
From Equations 6.4,6.5 and 6.10, 
PL2 
Ex 
V2) (0.54+0.46 
ý Ey 
) (1-0.6 
x 
Wf 
74.6Ex t3 /12 
0.92P (0.63+0.37 
G 
xz 
WS --: Gxz t: 
Gyz 
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Assuming r=1, the load to attain the maximum allowable 
deflection obtained from (1 + rk def 
) Uinst :50.01L (4.00) is 
1468 N. No allowance for stress level is required as the 
load to produce a stress ratio of unity is 774 N. 
REACTIVE FORCES 
Maximum longitudinal shear force is 
Qxmax 0.33 (1.5P) (Section 6.4.2) 
Qxmax 0.49 SP 
Maximum longitudinal shear stress is 
1.5(0.495P)/[t(d+t)] (Section 6.4.2) 
where d is the diameter of the loaded area and t is the 
thickness of the decking. Hence, 
0.743P/(18 x 43) Txz 
Txz = 0.7xl. 45/1.3 0.78 P= 811 
Maximum transverse shear force is 
Qymax = 0.27(l. 5P) = 0.41P 
Maximum transverse shear stress is 
1.5(0.41P)/[t(d+t)] = Tyz 
Tyz = 0.7xl. 15/1.3 = 0.62 P= 787 
TM% TIO it TM% ITI lk Tel 
At support 
Assuming the short edges of the board are positioned at the 
centre of the joist, the bearing breadth (B) is half the 
width of the joist at the ends and the full width of the 
joist at midsupport. 
The critical case is when P is near an end support. 
The design bearing stress of (2.1x1.25) N/MM2 is assumed to 
include the global safety factor and the modification 
factor for load duration and service class. Hence, service 
loads are used in design. The applied bearing stress is 
given by 
P/[(0.5 x 63)x251 1.702 X 10-3p 
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Therefore, the maximum load P is obtained from 
1.2698 X 10-3p = design bearing stress 
design stress = 2.1 x 1.25 
= 2.625 =ý P= 2067 
Under Concentrated Load 
Stress under load is limited to design bearing stress 
P/ [ (7r x 25 
2) /41 2.625 
P= 1289 
PUNCHING SHEAR 
The characteristic punching shear capacity is 284 N/mm 
Therefore, design capacity of 18 mm thick board is 
kmod x 284 x 18/1.3 = 0.7 x 284 x 18/1.3 = 2753 
1.5P = 1573 --> P= 1835 
SUMMARY OF MAXIMUM PERMISSIBLE CHARACTERISTIC LOADS (N) 
Moments = 774 Deflection = 1468 
Reactive forces = 787 Bearing = 1289 
Punching shear = 1835 
The maximum allowable imposed concentrated load is 
774 N. It is governed by the bending stress. 
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DESIGN CALCULATIONS (PERMISSIBLE STRESS METHOD) 
UNITS N nun 
MOMENTS 
maximum longitudinal bending moment, Mxmax 0.46P 
Bending stress = M... /Z 8.52 X 
10-3 p= or 
X 
crx = 4.34X1.8 7.81 =ý P= 916 
Maximum transverse bending moment, Mymax = 0.23P 
Bending stress = 
Mymax/Z 4.26 X 10-3p ay 
cry = 2.35xl. 8 4.23 =* P 993 
DEFLECTION 
Assuming the maximum deflection, wm.., due to imposed 
concentrated load occurs at midspan 
Wmax -'ý Wf +Ws 
-: 
ýx 
pL 2 (0.54+0.46 (1-0.6 V2) 
Eyx x 
Wf «'2 74.6kEx t: 3/ 12 
G 
0.92P(O. 63+0.37 xz 
WS :,: kG,,, t 
Gyz 
k=5.63 - (5.63- 3.58)r = 5.63 - 2.05r. Assuming the 
stress ratio, r, is unity, the load to attain the maximum 
allowable deflection of 0.01L (4.00) is 797 N. The stress 
level (bending) at this load is less than unity. Allowing 
for the stress level the maximum allowable load P= 883 
REACTIVE FORCES 
Maximum shear forces 
Qxmax = 0.33P 
Q ymax = 0.27P 
The maximum stresses are 1.5Q. /[t(d+t)] and 
1.5Qymax/ [t (d+t) I where d is taken as the diameter of the 
loaded area and t is the thickness of the decking. 
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Longitudinal stress 1.5Q.,,.. / [t (d+t) 1 0.640 x 10- 3P 
Transverse stress 1.5Q,,,, 
ý,. 
/[t(d+t)1 = 0.523 X 10-3p 
Permissible stresses: Txz 0.63 and Tyz 0.52 
From which, 0.640 X 10-3p 0.63 P 985 
and 0.523 X 10-3p 0.52 P 994 
BEARING 
At support 
Assuming the short edges of the board are positioned at the 
centre of the joist, the bearing breadth (B) is half the 
width of the joist at the ends and the full width of the 
joist at midsupport. 
The critical case is when P is near an end support. 
The applied bearing stress is given by 
P/[(0.5 x 63)251 = 1.2698 X 10-3p = 2.1x1.25 = 2.625 
From which P= 2067 
Under Concentrated Load 
Stress under load is limited to permissible bearing stress 
P/ ( (7r x 25 2) /41 2.1x1.25 
P= 1289 
PUNCHING SHEAR 
The permissible punching shear load, 
P=1.8x67xl8 = 2171 
P= 2171 
SUMMARY OF MAXIMUM PERMISSIBLE CHARACTERISTIC LOADS (N) 
Moments = 916 Deflection = 883 
Reactive forces = 985 Bearing = 1289 
Punching Shear = 2171 
The maximum permissible imposed concentrated load is 
883 N. It is governed by the deflection. 
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Typical variation of saf e load with span and elastic moduli 
Assuming that the allowable deflection is 0-01L, the 
maximum deflection, Wmaxt due to imposed concentrated load is 
given by 
Wmax --= Wf + Ws =0.01L 
For a simply supported decking 
y y 
pL2 (0. 
' 7Ex 
V2) 54+0.46 --) (1-0.6 x K- 
Wf 
59 . lExt: 
3/12 
0.92P (0.63+0.37 
G xz 
WS = Gxz t 
Gy_, 
For a typical decking with mean thickness, Poisson's 
ratio, EJEY and G. 7/Gyz equal 
to those for the test board in 
Chapter 5, the safe loads were determined for various sp ans 
and ratios of G., /E.. The value of E. was assumed constant 
and equal to that for the test board (5250 N/MM2) The 
normalized safe loads on simply supported deckings are 
plotted below. The experimental results for the deckings 
which simulate full-size simply supported decking behaviour 
in Chapter 5, specifically from Figs 5.10,5.11 and 5.16 
and Table 5.7 seem to support the analytical results. 
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